This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  hbrary  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non- commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 


at|http  :  //books  .  google  .  com/ 


^^H 

^Ke^isej 

^^^H 

^AlL  l!SES         ■ 

■    yycA^'^'^      ^ 

HciTY^ 

L^  ^ 

^^^BcM.iZE^  ^13  Ckntkau     ■ 

■ 

'  1  •  ;H  ,yAMO-CA\Jl  SRV-                ■ 

^L 

M.D., 

^H 

^1 

H 

Jj 

H 

/v  J?r^'.nc'-.         ^^ 

I 

n  4»  T  n  Jk,  T  t  O  Wft^^ 

1 

^^^^^^^^— 1^— — ,            w        ^^^^B 

A  PRACTICAL   TREATISE 


ON  THB 


MEDICAL  &  SURGICAL  USES 


OF 


ELECTRICITY. 

including: 

Localized  and  General  Faradization  ;  Localized  and  Central 

Galvanization;  Electrolysis  and  Galvano-Cauterv. 


GEO.  M.  BEARD,  A.M.,  M.D., 

MEMBBR  or  THB  NEW  YORK    BOCnCTT  OT  KRCnOLOOT  Ain>    ELRCTROLOQT :    rRLLOW  OV  TUB  SKW 
TOBK  ACAOIOIY  OF  HKDICiyB ;   UKMBKR  OP  THK  NEW  TOKK  COUNTY  MKUICAIi 

socibty;  phyhjcian  to  demilt  dispbssaby,  riEPARTMKirr  of 

BLWnnO-TBJUAPBDTICS  AKD  HKBVOUS  niMHAHitg,  JSIO. 
AND 

A.  D.  ROCKWELL,  A.M.,  M.D., 

or  THB  HKW  YORK   SOCIETY   Or  VEOROLOflY  AND   KLKCTROIXXTY :   rELLOW  Or  TU  KKW 
YORK  ACAOKBfY  Or  HRDICINB:   MEMBER  OP  THE  SEW  YORK  OOUNTT  HBDHJAL 
SOCUCnr;  BLBOTRO-THERAPETmirr  to  the  woman's  BOflPITAIi 
or  THB  8IATB  Or  HBW  TOBK. 


Second  Edition^  Revised^  Enlarged^  and  mostly  Re-written, 
WITH     NEARLY    T-WO    HUNDRED    ILLUSTRATIONS. 


NEW    YORK: 
WILLIAM  WOOD  &  CO.,  27  GREAT  JONES  ST. 

1878. 


WILLIAM  WOOD  &  Ca 


.,      ,••••••        •       •«  •  .     >      . 


Ttow*s 

FanrmtG  amd  BooKantonia  Obh« 

■09413  Emtt  tUk  St^ 


TO 


JOHN  T.  METCALFE,  M  D., 

PROFESSOR  OF  CLINICAL  MEDICINE  IN  THE   COLLEGE  OF  PHYSICIANS 
AND  SURGEONS,  NEW  YORK, 


T/fis  Work  is  Dedicated, 


WITH     THE     GRATEFUL     ESTEEM 


THE    AUTHORS 


,vi  PREFACE  TO  THE  SECOND  EDITION. 

I 

this  source  flow  at  least  half  the  blunders,  discouragements,  and  ill 

success  that  novices  in  this  branch  so  painfully  experience.     The  undu 

latory  theory  of  the  electrical  force  that  is  adopted  in  this  edition  is,  so 

far  as  can  now  be  seen,  consistent  and  harmonious,  and  it  explains 

better  than  any  other  theory  the  varied  and  complex  phenomena  of 

electro-physiology  and  electro-therapeutics. 

The  chemistry  of  the  batteries,  it  will  be  seen,  is  explained  in  full 
detail,  and  in  accordance  with  recent  chemical  facts  and  nomenclature. 

To  Ohm's  Law,  at  once  so  important  and  so  difficult,  a  separate  and 
special  chapter  has  been  assigned ;  and  no  effort  has  been  spared  to 
make  it  clear  in  all  its  practical  relations  to  all  trained  minds  who  will 
give  it  close  and  careful  attention. 

In  the  preparation  of  the  section  on  Electro-physics  we  have  beenr 
favored  with  the  advice  and  suggestions  of  a  number  of  our  most  dis- 
tinguished physicists  and  mathematicians ;  and  especially  are  we  indebt- 
ed to  Prof.  Henry  T.  Eddy,  of  Cincinnati,  who  has  interested  himself  in 
the  attempt  here  made  to  put  the  most  recent  theories  and  facts  of 
electro-physics  in  a  shape  at  once  clear,  compact,  and  trustworthy. 

The  need  of  a  section  of  this  kind  has  been  most  urgent,  for  the 
treatises  on  the  physics  of  electricity  that  have  been  most  accessible 
are  either  far  behind  the  time  or  have  been  expressed  so  blindly 
as  to  be  of  little  value  to  electro-therapeutists.  Even  the  best  of  the 
more  recent  writers  on  the  physics  of  electricity,  as  Fleming  Jenkins, 
and  Latimer  Clarke,  have  not  adapted  their  works  to  the  wants  of  those 
who  use  electricity  in  therapeutics. 

Electro-physiology  is  largely  rewritten  and  considerably  enlarged 
It  includes  a  large  number  of  our  own  experiments,  mostly  made  dur- 
ing the  past  three  years,  as  well  as  a  compact  r6suni6  of  all  the  more 
recent  studies  in  this  branch  by  European  and  American  observers. 
The  general  relation  of  electro-physiology  to  electro-therapeutics  has 
been  brought  into  prominence  at  every  point. 

The  method  of  central  galvanization  that  we  have  systematized  and 
introduced  to  the  profession  since  the  publication  of  the  first  edition  is 
here  described  and  illustrated  in  full  detail.  The  great  practical 
advantages  of  this  method  of  galvanization  over  localized  galvanization 
of  the  nerve-centres — and  in  many  cases  over  general  faradization — are 
already  well  understood  by  many  of  our  leading  electro-therapeutists. 

There  are  now  introduced  into  science,  six  methods  of  using  electri- 
city for  the  treatment  of  disease  :  localized  faradization  and  localized 
galvanization,  general  faradization,  central  galvanization,  and,  in  electro- 
surgery,  electrolysis  and  galvano-cautery. 
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its  purely  diagnostic  and  therapeutic  relations ;  for  all  such  this  edi 
tion  is  designed  to  be  a  work  of  exhaustive  reference.  Those,  how 
ever,  whose  aims  are  lower  will  here  find  the  purely  practical  and 
clinical  department  clearly  presented  by  a  large  variety  of  illustrations  of 
the  various  methods  of  application,  and  by  details  of  more  than  two 
hundred  cases,  including  every  type  of  medical  and  surgical  disease,  for 
which  electricity  by  any  method  of  application  has  been  used  with  any 
encouraging  results. 

To  those  who,  since  the  first  edition  of  this  work  was  out  of  press, 
have  grown  weary  in  waiting  for  the  long-promised  appearance  of  the 
second  edition,  we  may  express  the  hope  that  they  will  find  in  the 
present  treatise  sufficient  evidences  of  original  experience  and  research 
to  fiilly  account  for,  if  not  to  justify  the  annoying  delay. 

GEO.  M.  BEARD,  A.  D.  ROCKWELL, 

53  West  33d  Street,  N.  Y.  122  Madison  Avenue,  N.  Y. 
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The  object  of  this  work  is  to  present,  in  a  compact,  practical  form, 
all  that  is  now  known  on  the  application  of  electricity  to  the  treatment 
of  disease.  The  aim  of  the  authors  has  been  to  combine  their  own 
extensive  and  varied  researches  with  localized  and  general  electriza- 
tion, and  the  labors  of  all  other  recent  explorers  in  electro-therapeutics, 
in  a  summary  which  should  be  at  once  practical  and  exhaustive,  and 
which  should  represent  with  strict  impartiality  all  that  has  beeu  really  ^ 
accomplished  in  this  department  by  every  school,  in  every  country,  and 
by  all  methods. 

For  this  undertaking  the  authors  have  been  prepared  by  an  experi- 

,  ence  acquired  in  more  than  10,000  applications  of  electricity  in  a  wide 

variety   of  morbid   conditions,    and   by   personal  observation   of  the 

methods  and  the  results  of  the  recognized  leaders  in  this  important 

field  of  science. 

For  convenience  of  reference,  and  in  order  to  avoid  repetition  and 
confusion,  the  work  is  divided  into  Eifctro-PhysUs,  Electro-Physiology^ 
Electro-Therapeutics^  and  Electro-Surgery.  It  is  believed  that  by  this 
arrangement  the  work  will  be  more  acceptable  both  to  the  majority 
who  seek  to  consult  the  distinctively  practical  portions,  and  to  the  few 
who  may  desire  also  to  investigate  the  subject  of  electricity  in  its 
ph)'sical  and  physiological  relations. 

General  electrization,  which  the  authors  were  the  first  in  the  profes- 
sion to  systematically  investigate,  is  here,  for  the  first  tiu^e,  described 
and  illustrated  in  systematic  detail  of  its  modus  operandi  and  its  very 
remarkable  effects  in  conditions  of  debility. 

The  general  differential  indications  for  the  use  of  the  two  cur- 
rents and  for  the  use  of  localized  and  general  applications,  we  have 
sought  to  distinguish  and  elucidate  by  logical  deductions  from  the 
kno%m  principles  of  electro-therapeutics,  and,  above  all,  from  extend- 
ed experimental  conjparison.  The  knowledge  of  electro-therapeutical 
anatomy,  which  is  so  essential  for  an  intelligent  electro-diagnosis  in 
iherapcittics,  we  have  endeavored  to  facilitate  by  concise  and  explicit 
Jllustralions.  The  drawings  for  ilUistralions  of  the  different  methods 
of  electrisation  were  made  from  photographs  taken  during  the  applica- 
tions. 
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In  the  selection  and  detailed  description  of  apparatus,  both  the  tastd 
of  the  specialist  and  the  imperative  needs  of  the  general  practitioner 
have  been  constantly  borne  in  mind  ;  and  while  nearly  all  the  most  im- 
proved forms  of  machines  for  both  currents  have  received  notice, 
minute  description  and  ilUistraiion  have  been  reserved  only  for  those 
that  experience  has  shown  unite  in  the  highest  degree  the  qualities  of 
convenience  and  compactness,  with  accessibility  and  uniformity  of  ac- 
tion. When  we  began  our  experiments  in  this  department,  there  \va« 
in  this  country  no  satisfactory  apparatus  either  for  the  faradic  or  the 
galvanic  current,  and  for  this  reason  our  early  observations  were  made 
under  exceeding  disadvantages. 

The  ditficulty  has  for  a  number  of  years  been  partly  met  by  the 
electro-magnetic  apparatus  of  Kidder,  which,  for  all  the  essential  qual- 
ities required,  is  as  yet  unsurpassed.  We  early  became  convinced  that 
scientific  electrotherapeutics  required  also  a  galvanic  apparatus  which 
should  be  at  least  more  compact  and  more  portable  than  those  which 
had  been  usually  employed,  and  that  to  be  forced  to  depend  on  appa- 
ratus of  foreign  construction  would  both  retard  the  progress  and  prac- 
tically prohibit  the  popularization  of  electro-therapeutics.  Amid  many 
discouragements  which  only  those  who  have  pursued  similar  investiga- 
tions can  well  appreciate,  we  have  striven  to  overcome  this  serious  evil 
and  lo  prepare  a  galvanic  apparatus  which  should  be  both  simple  and 
enduring,  and  which  could  be  used  at  the  bedside  as  well  as  in  the 
hospital  or  consulting-room.  Through  the  skill  and  intelligence  of  the 
mechanician  above-mentioned,  we  are  now  able  to  present  an  appa- 
ratus for  the  galvanic  current  which,  if  not  on  the  one  hand  so  com- 
]uct,  or  on  the  other  so  elaborate  as  others  to  which  we  have  called 
attention,  is  yet,  in  the  wide  variety  of  size  and  shape  of  which  it  is 
capable,  in  the  simplicity  of  its  construction,  and  the  ease  of  its  man- 
agement, perhaps  even  better  fitted  to  supply  the  general  want. 

EUctro'Surgery^  though  a  young  and  as  yet  but  little  developed 
branch  of  electro-therapeutics,  is  yet  of  such  intrinsic  importance  and 
interest,  and  so  fruitful  in  promise  for  the  future,  diat  it  has  been 
deemed  worthy  o{  separate  and  special  consideration. 

In  the  preparation  of  the  detailed  and  statistical  reports  of  cases,  we 
have  sought  to  give  a  picture  tliat  shall  be  so  accurate,  and  so  tme  to 
experience,  that  it  may  be  unfailingly  recognized  by  all  those  who  pur- 
sue a  similar  line  of  experiment.  The  somewhat  deserved  reproach 
against  electro-therapeutists,  that  they  publish  only  their  most  fortunate 
results,  we  have  endeavored  to  avert  by  giving  prominence  to  failures 
as  well  as  to  successes ;  by  Doting  relapses  as  well  as  pennanent  re 
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covenes.  We  have  been  not  unmindful  of  the  fact  thai  statistical  re- 
ports of  the  results  of  any  method  of  treatment,  however  conscien- 
tiously prepared,  must  be  at  best  incomplete,  and  to  a  certain  extent 
illusory.  Therapeutics  is  always  a  subject  of  vast  complications.  It 
is  probable  that  in  some  of  the  cases  reported  as  absolute  or  approxi- 
mate recoveries,  nature  and  time,  and  in  a  few  instances,  perhaps, 
other  medicinal  or  hygienic  treatment  bore  as  large  a  share  as  the  ai>- 
plications  themselves.  We  have,  however,  endeavored  to  make*  all 
proper  allowances  for  the  influence  of  these  various  factors  ;  and  in 
the  few  exceptional  cases  where  medicinal  has  been  combined  wth 
electrical  treatment,  the  fact  has  been  mentioned,  and  cases  of  posi- 
tive doubt  have  been  excluded  from  consideration.  For  the  study  of 
the  special  effects  of  electrical  treatment,  when  used  alone,  we  have 
been  peculiarly  fortunate,  since  the  vast  majority  of  our  cases  had 
abandoned  medication  before  they  were  referred  to  our  care.  On  the 
other  band,  it  is  indisputably  true  that  some  of  the  cases  reported  as 
solute  failures,  or  as  but  slightly  benefited,  were  kept  from  perfect 

ecovery  by  the  indulgence  of  evil  habits  of  hygiene  ;  and  it  is  fully 
probable  tliat  some  of  them,  as  well  as  of  those  reported  as  unknown, 
appreciated  the  after  results  of  the  treatment  and  went  on  to  recovery. 
Still  further,  it  is  in  every  way  probable  that  some  of  the  failures  might, 
by  greater  perseverance  on  the  part  of  the  patients,  have  been  trans- 
formed into  perfect  successes. 

It  is  believed  that  these  various  errors  to  a  certain  extent  counter- 
^balance  each  other,  and  that  on  the  whole  our  statistical  reports  fairly 

tpresent,  so  far  as  they  go,  the  legitimate  results  of  the    electrical 

treatment.     And  yet  it  should  be  considered  that  the  majority  of  the 

es  represented  in  our  statistics  were  both  Tong-standing  and  pecu- 

arly  obstinate,  and  there  is  ground  for  the  belief  that  those  who  treat 
milder  and  tnore  recent  cases  by  the  same  methods,  wll  obtain  a  larger 
percentage  of  success. 

It  will  be  observed  that  throughout  the  work  these  leading  ideas  are 
kept  constantly  in  the  foreground  as  the  foundation  principles  on  which 
must  rc&l  the  science  of  electro-therapeutics  : — • 

1.  That  electrization,  besides  being  merely  a  local  stimulant,  also 
KCTciscs  an  influence  over  general  and  local  nutrition,  at  once  unique 
nd  unrivalled,  and  that  entitles  it  to  the  highest  rank  among  constitu- 
tional tonics. 

2.  That  the  accepted  system  of  making  the  applications  exclusively 
local  is  both  illogical  and  inconsistent ;  that  in  the  use  of  electricity, 
as  of  every  other  remedy,  constitutional  diseases  should  be  treated 
constitutionally. 
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3.  That  the  best  method  of  bringing  the  whole  system  under  th« 
direct  influence  of  the  current  is  by  general  electrization  as  here  de* 
scribed  ;  and  that  by  the  use  of  this  method  the  success  of  electro- 
thcrapeuiics  is  materially  enhanced,  and  its  sphere  very  gieatly  widened, 
so  as  to  include  a  variety  of  frequent  and  distressing  constitutional 
morbid  conditions,  for  which  merely  localized  electri^ation  is  but  im- 
perfectly indicated- 

4.  That,  in  determining  the  influence  of  the  electrical  aj)plication9 
on  conditions  of  disease  the  last  appeal  must  be  made,  not  to  physics 
nor  to  physiology,  nor  to  pathology,  nor  to  any  ti/nVr  reasoning  what- 
ever, but  solely  and  alone  to  clinical  experience. 

To  those  who  adhere  to  the  Iong-accei>ted  theory  that  electricity  is 
m^ely  a  means  for  local  stimulation,  and,  as  such,  chiefly  indicated  in 
the  severe  or  incurable  conditions  of  paralysis  or  chronic  rheumatism, 
or  who  hope  to  reduce  electro-therapeutics  to  an  exact  science  on  the 
basis  of  a  complete  physiology  and  pathology,  the  above  propositions 
must  seem  both  radical  and  erroneous,  and  especially  so  if  they  have 
studied  the  action  of  electricity  on  the  body  merely  by  localized  appli- 
cations. 

Therefore  with  all  the  greater  interest  and  pleasure  have  wc  ob- 
served that,  during  the  last  few  years,  there  has  been  in  electro-thera- 
peutical literature  a  manifest  and  increasing  tendency  to  abandon  the 
narrow  doctrines  of  merely  local  stimulation,  to  accept  the  fact  which 
experience  everywhere  confirms,  that  in  electricity  we  have  an  unsur- 
passed means  of  improving  the  general  nutrition  in  the  immense  va- 
riety of  chronic  morbid  conditions  where  such  results  are  cliielly  indi- 
cated ;  and  we  express  the  confident  hope  ihat  the  abundant  and  varied 
evidence  with  which  in  the  present  work  we  have  been  enabled  to  for- 
tify these  propositions,  increased  and  enriched  as  it  may  be  by  the  ex- 
perience of  the  future,  and  harmonizing  as  it  surely  must  with  the  gen- 
eral progress  of  science,  will  materially  aid  in  bringing  nearer  the  day 
of  their  universal  acceptance. 

AlthotJgh  this  work  is  not  intended  to  be  in  any  sense  a  complete 
guide  to  the  study  of  chronic  diseases  of  the  nei*\'ous  system,  yet  some 
general  remarks  on  the  nature,  causation,  and  the  diagnosis  of  the 
princii'al  of  these  diseases  have  been  deemed  both  a|>propriate  and 
necessary,  for  the  twofold  reason  that  such  knowledge  is  necessary  for 
an  intelligent  appreciation  of  the  directions  for  the  treatment,  and  also 
because  very  many  of  the  diseases  here  mentioned — such  as  nervou» 
dyspepsia,  spinal  irritation,  neurasthenia,  hypochondriasis,  insomniity 
locomotor  ataxy,  muscular  atrophy,  sj>inal  and  infantile  paralysis,  m 
well  as  some  of  the  varieties  of  neuralgia — have  not  received  in  any 
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popular  text-book  the  practical  attention  which  their  vast  importance 
in  electro-therapeutics  requires. 

Scientific  electro  therapeutics  requires  scientific  diagnosis.  He  who 
only  knows  how  to  apply  electricity  is  not  fit  to  do  even  that.  Suc- 
cessful results  in  electro-therapeutics  can  be  and  are  obtained  by  the 
most  ignorant  of  charlatans,  but  to  intelligently  report  these  successes 
or  make  them  of  value  to  science  requires  the  best  skill  of  the  physi- 
cian. Mere  hand-books  of  electrical  applications  cannot  be  otherwise 
tliaa  injurious  to  science.  Other  conditions  being  the  same,  the  value 
of  reports  of  cases  in  electro-therapeutics  is  in  direct  proportion  to  the 
accuracy  and  completeness  of  the  di.agnosis.  For  this  reason  it  is  that 
electro  therapeutics  is  the  most  exacting  and  laborious  of  all  the 
special  departments,  for  in  a  certain  sense  it  trenches  on  and  necessi- 
tates a  knowledge  of  all  other  departments. 

In  tile  strict  sense  of  the  word,  therefore,  the  electro-therapeutist  is 
no  specialist,  since  his  idea! — which  of  course  he  can  but  imperfectly 
fulfil — must  be  to  know  something  of  every  department  with  which 
electro  therapeutics  brings  him  into  relation.  His  ambition,  hke  that 
of  Bacon,  must  be  "  to  make  all  knowledge  his  province." 

Besides  a  thorough  familiarity  with  the  department  of  nervous  dis- 
$,  and  especially  with  the  recent  methods  of  studying  them  by  the 
jcsthesiometer,  the  ophthalmoscope,  and  by  electricity,  it  is  necessary 
(or  the  electro- therapeutist  to  avail  himself  of  all  the  advances  that  are 
made  in  the  special  departments  of  gynaecology,  ophthalmology,  otol- 
ogy, laryngology,  and  dermatology,  as  well  as  general  medicine  and 
surgery. 

In  respect  to  diagnosis  we  have  ourselves  been  exceptionally  fa- 
vored, since  the  majorit}'  of  our  cases  have  obtained  the  oi>inion  of  one 
or  more  acknowledged  authorities  in  their  respective  departtnents. 

That  all  the  special  views  on  the  nature  and  treatment  of  the  dis- 
cs here  mentioned  should  meet  with  universal  acceptance,  is  more 
ban  can  be  expected.  Everywhere  we  tread  on  debatable  ground. 
In  regard  to  the  nature,  the  causation,  the  symptoms,  the  general  treat- 
ment, the  divisions  and  the  terminology  of  diseases,  the  choice  of  cur- 
rents, the  methods  of  applications,  the  relative  merits  of  rival  appa- 
ratus,— -in  these  and  in  many  other  subjects  there  is  room  for  the 
widest  possible  divergence  of  honest  opinion  among  those  whose  abili- 
ties and  opportunities  entitle  their  opinions  to  the  highest  respect. 
On  all  tliese  controverted  themes  we  present  nothing  as  a  finality,  noth- 
ing which  we  shall  not  readily  modify  in  the  light  of  sufficient  inductive 
evidence. 
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More  than  almost  any  other  department,  electro-therapeutics  has 
suffered  from  its  terminology.  So  large  is  the  number  of  synonpns, 
and  so  indefinite  the  meaning  of  many  of  the  words  and  phrases 
wliich  have  come  into  use,  that  intelligent  conversation  on  the  subject 
has  been  well-nigh  impossible.  This  crying  evil,  from  the  1  rst,  we 
have  sought  to  rectify,  and  with  this  view  we  have  resolutely  ai  d  uni- 
formly distinguished  the  two  currents  as  farad'u  and  galvanic^  d  scard- 
ing  entirely  their  various  and  complex  synonyms.  It  is  believec'  that 
this  and  other  changes  which  we  have  made  are  in  the  direction  of 
simplicity,  and  thai  they  will  shorten  the  labors  of  the  student,  anc  wili 
serve  to  recommend  rather  than  repel  the  earnest  inquirer. 

It  will  be  observed  that  in  this  work  the  future  as  well  as  the  past 
has  been  regarded,  and  that  a  number  of  diseases  are  mentioned,  for 
the  sake  chiefly  of  the  promise  and  the  hope  which  they  offer  for  elec- 
tro-therapeutics. The  object  of  such  mention  is  to  inspire  authoritica 
in  the  several  departments  to  co-operate  with  electro-therapeutists  in 
the  important  and  difficult  task  of  submitting  these  diseases  to  faithful 
and  rigid  experiment,  and  to  those  who  may  be  induced  to  do  so  we 
beg  leave  to  oSTcr  these  suggestions  v — 

Fint.  That  they  do  not  suffer  themselves  to  be  misled  or  in  any 
tray  controlled  by  theoretical  reasoning.  Already  the  advance  of  elec- 
tricity into  the  domain  of  medicine  has  been  retarded,  at  least  a  quar< 
ter  of  a  century,  by  erroneous  or  undemonstrable  theories  concerning 
the  action  of  electricity  or  the  nature  of  diseases,  or  more  recently  by 
futile  attempts  to  make  electro-physiology  a  sufficient  basis  for  electro- 
therapeutics.  It  cannot  be  too  often  repeated,  that  the  essence  of 
eUctrotherapeut'us  is  clinical  experience.  Electro- physiology  is  a 
science  at  once  noble,  interesting,  and  suggestive,  but  in  its  relations 
to  electro-therapeutics,  with  very  few  limitations  indeed,  it  should  fol- 
low rather  than  precede,  should  explain  rather  than  guide. 

Secondly.  That  they  do  not  confine  their  attention  too  exclusively  to 
diseases  which  have  a  merely  pathological  interest.  We  but  represent 
the  growing  sentiment  of  tlie  ablest  medical  thinkers  of  our  time,  when 
we  assert  that  in  recent  days,  in  nearly  all  departments,  therapeutics 
has  been  sacrificed  to  pathology,  and  that  diseases,  however  prevalenti 
and  however  painful,  which  offer  no  interesting  pathological  history, 
are  practically  neglected.  Now  it  is  safe  to  assert  that  in  this  country 
at  least,  there  is  immeasurably  more  suffering  in  the  higher  walks  of  life 
frura  the  somewhat  indefinite  condition  known  as  nervous  dyspepsia 
than  from  all  forms  of  paralysis  combined  ;  and  any  remedy  which, 
Uke  general  electrization,  promises  almost  sure  relief  for  this  condilioui 
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and  which  at  the  same  time,  by  its  powerful  effects  over  nutrition, 
tends  to  jirevent  or  delay  the  visitation  of  incurable  central  lesions,  is 
surely  worthy  of  careful  study.  It  is  especially  unfortunate  for  the  stu- 
dent of  chronic  diseases  of  the  nervous  system  that  nearly  all  the 
works  on  practical  medicine  have  been  of  foreign  authorship,  and  have 
been  based  on  hospital  ratlier  than  on  private  practice  ;  for  the  types 
of  disease  are  modified  by  social  position  and  occupation  as  much  as 
by  race  or  climate,  and  the  nameless  symptoms  associated  with  chronic 
nervous  exhaustion  which  are  found  in  every  family  among  the  higher 
walks  of  American  society,  and  in  greater  variety  and  severity  than  in 
any  other  country,  should  receive  the  earnest  attention  of  all  practi- 
tioners, if  necessary  even  to  the  exclusion  of  the  rare  and  exceptional 
pathological  cases  to  be  found  in  our  public  institutions,  however  inter- 
esting or  suggestive  they  may  be.  As  wiU  be  seen  in  the  course  of  the 
present  work,  this  class  of  cases  are,  of  all  others,  the  most  amenable 
to  electrical  treatment,  and  therefore  demand  the  special  study  of  the 
electro- therapeutist.  Withal  it  should  be  remembered  that  electro- 
therapeutics has  not  been  entirely  useless  to  pathology,  since,  in  ob- 
scure cases,  the  locality  if  not  the  precise  nature  of  the  disease,  is  in- 
dicated by  the  results  of  treatment. 

Thirdly.  That  unfavorable  as  well  as  favorable  results  be  accurately 
reported.  Every  failure  which  is  published  in  detail  is,  in  one  way,  as 
much  a  fact  for  science  as  a  success,  since  it  reduces  and  guides  the 
labors  of  future  experimenters.  In  our  estimate  of  any  remedy,  it  is  im- 
portant that  we  should  know  its  weakness  as  well  as  its  strength. 
Those  who  know  the  roost  of  electricity  in  its  relations  to  medicine  will 
be  the  last  to  regard  it  as  an  unfailing  specihc. 

If  investigations  are  everywhere  pursued  in  this  spirit  and  by  those 

Dst  competent  to  make  them,  the  reproach  of  Mr.  Lecky,  that  '*  The 
medical  powers  of  electricity,  which  of  all  kno>vn  agencies  bears  most 
resemblance  to  life,  are  unexplored,"  will  cease  to  be  deserved. 

To  all  who  for  the  first  time  enter  upon  the  study  of  this  branch  of 
science,  we  cannot  too  strongly  recommend  the  practice  of  self-experi- 
mfniaiion.  Better  than  any  experiments  on  animals,  better  even,  in 
many  features,  than  extended  investigations  in  the  treatment  of  dis- 
ease, is  tlie  precise  and  peculiar  knowledge  of  the  modus  operandi  of 
the  applications,  and  the  sensations  which  they  produce,  which  is  ob- 
tained through  personal  experience. 

Compared  with  internal  remedies,  electricity  has  the  great  disadvan 
tage  that,  on  account  of  the  necessary  mechanical  and  technical  diffi 
culties  in  the  way  of  its  successful  employment,  it  cannot  be  rapidly 
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pOiHiUritcd.     Drugs  for  internal  administrarion^  like  bromide  of  potas- 
uuin  autl  hydrate  of  chloral,  can  spread  over  the  earth  in  less  time  than 
it  rrviuircd  even  for  the  specialist  to  master  the  elements  of  electro- 1 
^CTKpeiitics.     There  is  little  doubt  that  if  electricity  could  be  given  in  I 
IIm  fonii  of  pills  or  powders  as  successfidly  as  it  is  now  employed,  its 
Hit  would  be  increased  one  thousand-fold. 

Contidering  all  the  technical  difficulties  in  the  way  of  the  rapid  pop- 
ttlMIAAtion  of  electro-therapeutics,  its  recent  progress  is  something  un- 
IMtftllelcd  in  the  history  of  science  ;  the  dark  days  of  its  history  are 
OTCt,  »nd  ihcy  can  never  return. 

That  an  agent  which,  by  the  almost  unanimous  consent  of  the  pro- 
l^tajon,  was  resigned  to  outsiders  and  to  those  who  were  always  igno- 
ItMt  and  usually  unscrupulous  ;  which  in  textbooks  and  lecture-rooms 
WM  wcuiioncd  only  in  tones  of  warning  or  disrespect;  and  which  in 
iKIi  country,  but  a  very  few  years  since,  was  sunk  so  low  that  he  who 
attempted  to  raise  it  was  believed  thereby  to  imperil  his  professional 
and  HKial  position— should,  in  so  short  a  time,  and  against  such  in- 
herent Icchnical  difficulties,  assume  a  jwjsition  side  by  side  with  its 
Ki«i<  *  tifs,  where  it  should  be  taught  in  our  schools,  incorporated 
in  I  K  .  of  general   and  special  medicine^  should  occupy  the  at- 

Uhtlun  of  fiome  of  the  ablest  leaders  of  modern  thought,  and  should 
attHitc  the  (Milhuiwiasin  of  all  ranks  of  the  profession  as  no  other  special 
ijopmtment  hus  ever  done,  might  well  have  seemed  past  belief,  even 
to  thoip  who  had  the  strongest  faith  in  the  Hberality  and  activity  of 
<Mlf  tltn«u 

Thff  lioncficenl  results  of  this  progress  will  not  be  confined  to  elec- 
tro thrrwpeutic^  ;  they  will  react  favorably  on  all  departments,  and  cs- 
(ifdttlly  t»n  general  therapeutics,  by  diffusing  a  wider  liberality  and  a 
UrOAdwr  ipiril  of  inductive  investigation.  The  paths  of  all  future  ex- 
uliuvrn  In  the  ncicntific  treatment  of  disease  will  have  been  made 
Mtit^i  «nd  fcftfcr  by  the  toils  and  the  triumphs  of  this  one  department. 
Hviu'tciriirth  I  he  cause  will  need  not  so  much  energy  as  guidance;  not 
■o  iiuu  h  oulhuniaim  as  wisdom. 

Wr  trtkc  lhi«  occasion  to  express  our  thanks  to  the  very  many  able 
mm  in  tlio  prufeiiion  who,  in  ways  innumerable,  and  from  the  outset 
at  our  invrftlignlioni,  have  so  warmly  co-operated  in  our  labors,  and 
whuMt  inlclhgirnt  sympathy  and  substantial  encouragement  for  a  cause 
that  Wfu  yrl  on  it*  trial  in  America,  have  largely  contributed  to  what- 
•Vot  Uph'**^  ^^  huccets  we  have  been  enabled  to  achieve. 

G.  M.  R  AND  A.  D.  R. 
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CHAPTER  I. 


A  KNOWLEDGE  OF  THE  PRINCIPLES  OF  ELECTRO-PHYSICS  NECESSARY 
TO  THE  ELECTRO-THERAPEUTIST — DEFINITION  OF  ELECTRICnY — 
MAGNETISM. 

Etectro-physics  is  the  science  which  treats  of  electricity  in  its  physical 
relations. 

No  one  can  be  a  master  in  electro-therapeutics  without  also  being  a 
master  in  electro-physics.  Hence  it  becomes  necessary,  in  a  systema- 
tic treatise  on  electro-therapeutics,  to  present  the  leading  principles  of 
electro-physics,  and  to  point  out  their  practical  bearings  botli  on 
clectro-ph^'siology  and  electro-therapeutics.  This  necessity  is  all  the 
greater  because  electro-physics  is  the  branch  of  electrology  that  electro- 
therapeutists  are  most  of  all  disposed  to  neglect ;  and  ignorance  of  this 
department  has  retarded,  and  still  retards,  the  scientific  advance  of 
electro-therapeutics  both  medical  and  surgical.  It  is  possible  to  make 
ha)}py  hits  in  electro-therapeutics  without  knowing  anything  of  electro- 
physics  or  electro-physiology ;  but  on  the  average,  and  in  the  long  run, 
the  best  results  will  be  obtained  by  tliose  who  to  purely  practical  know- 
ledge add  a  thorough  mastery  of  the  scientific  relations  of  the  subject 

IVhy  discussed  in  a  Practical  Treatise  like  this. — The  necessity  of  pre- 
senting the  leading  principles  of  electro-physics  in  a  practical  treatise 
like  this  is  the  more  imperative  from  the  fact  that,  until  quite  recently 
at  least,  all,  or  nearly  all,  the  text-books  on  physics  in  use  in  schools 
and  colleges  have  failed  to  represent  the  advanced  researches  and 
generalizations  of  modern  scientists  in  the  department  of  electricity. 
The  old  h)'potl»cses,  that  electricity  is  a  single  or  double  fluid,  still  linger 
in  our  centres  of  education,  or  yield  the  ground  but  slowly ;  and  even  in 
those  works  that  are  fully  up  to  the  times  on  this  subject,  the  special 
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and  practical  bearings  of  electro-physical  principles  on  electro-phys- 
iology and  electro-therapeutics  are  of  course  not  considered. 

To  this  should  be  added  the  consideration  that  any  science,  however 
well  acquired^  if  it  be  not  kept  before  the  mind  by  teaching  or  writing, 
or  by  practical  application,  soon  fades  from  the  memory,  or  becomes  a 
mass  of  half-truths  and  uncertainties.  We  are  therefore  justified  in 
assuming  that  not  one  in  a  hundred  of  those  who  will  consult  this  book 
as  a  guide  in  electro-therapeutics  will  be  so  thoroughly  and  accurately 
informed  on  the  principles  of  electro-physics  as  not  to  need,  on  this 
subject,  some  compact  treatise  which  shall  serve  as  a  guide  and  reminder 
of  the  leading  facts  and  principles  of  the  science.  To  supply  this  need 
k  the  object  of  this  division  of  our  treatise. 


W       Elfrtrif 


KATURE  AND   DEFWITION   Or  EL^CTRICITTf. 


Electricity  is  now  regarded  as  a  force  correlated  to  the  otfur  great 
forces  of  nature — heat^  H^ht,  etc-^Hind^  like  them^  is  simply  a  mode  of 
motion y — a  form  of  vibration. 

Although  the  precise  nature  of  these  vibrations  have  not  yet  been 
mathematically  demonstrated,  as  in  the  case  of  light  and  heat,  yet  the 
theory  that  the  phenomena  of  electricity  are  the  result  of  vibrations  has 
much  in  its  favor,  and  it  is  by  no  means  impossible  that  in  the  future  the 
nature  of  these  vibrations  will  be  well  understood. 

In  the  present  treatise,  as  in  all  works  on  physics,  various  terras,  as 
**  current,"  **  flows,"  "  runs,"  etc.,  that  took  their  origin  when  the  fluid 
theory  prevailed,  are  retained  for  the  sake  of  convenience  of  description. 
With  this  understanding  there  is  no  objection  to  their  use. 

Electricity  is  manifested  in  three  general  forms  :  Magnetism  ;  Stati- 
cal or  Frictional  or  Franklinic  Electricity  ;  and  Galvanism^  or  Voltaic 
or  Dynamical  Electricity. 


MAGNETISM. 


Magnetism. — In  order  to  understand  electricity  in  general  it  is  neces- 
sary to  understand  magnetism,  which  is  one  of  its  manifestations. 
Magnetism,  defined  by  its  phenomena,  is  the  power  which  certain  bodits 
possess  of  attracting  iron.  The  bodies  which  are  observed  to  have  this 
power  are  called  magnets,  and  are  divided  into  two  classes — natural  and 
artificial.     Natural  magnets  consist  of  iron  ore  or  loadstone.     Load* 
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stone  was  first  discovered  in  Magnesia,  in  Asia  Minor,  and  hence  the 
name  magnet  was  derived  The  compass  was  introduced  into  Europe  in 
the  twelfth  century;  but  the  Chinese  are  said  to  have  been  acquainted 
with  it  in  the  fourth  century. 

Artificial  magnets  are  usually  made  of  steel  that  has  been  magnetized 
by  the  galvanic  current  or  by  other  magnets.  Steel  bars  that  have 
been  thus  magnetized  may  be  either  straight  or  bent  For  convenience* 
sake,  they  are  usually  bent  in  the  form  of  a  horseshoe. 

All  substances  are  more  or  less  susceptible  to  magnetic  influence,  but 
iron  is  more  affected  by  it  than  others.  Experiments  illustrative  of  the 
effects  and  power  of  artificial  magnets  are  so  familiar  that  they  need  not 
be  cited. 

Polarity  of  Magnets, — The  polarity  of  a  magnet  is  that  peculiar  pro- 
perty by  which  it  manifests  two  opposite  kinds  of  magnetism,  that  are 
termed,  relatively  to  each  other,  the  north  and  the  south  pole.  When  a 
magnetic  needle  is  so  suspended  that  it  can  move  unimpeded  in  any 
direction,  one  end  points  to  the  north,  and  the  other  to  the  south.  If 
the  magnet  be  disturbed  in  any  way,  and  forced  temporarily  out  of 
position,  it  at  once  and  uniformly  returns. 

Polarity  is  a  quality  that  belongs  not  only  to  magnetism,  but  also  to 
other  forms  of  electricity,  and  to  light  and  the  other  great  forces. 

The  poles  of  a  magnet  are  always  at  its  ends,  for  here  the  attractive 
power  is  greatest  This  can  be  demonstrated  by  a  very  simple  experi- 
inenL  If  a  magnetic  bar  be  rolled  in  a  pile  of  iron-filings,  it  will  be 
found  that  these  adhere  to  the  bar  most  firmly  and  in  the  greatest 
quantity  at  and  near  its  poles.  The  quantity  that  adheres  is  less  as  we 
approach  the  middle  of  the  bar. 

Neutral  Line. — In  long  bars  there  is  always  a  place  at  the  middle, 
or  near  to  it,  where  no  filings  are  attracted.  This  space  is  variously 
termed  the  neutral  or  magnetic  zone^  or  magnetic  equator,  or  point  of 
if^differenee. 


Fig.  I. 


Another  familiar  experiment  is  to  pass  an  iron  ball,  suspended  by  a 
string  or  thread,  near  to  a  magnet  firom  end  to  end.  It  is  observed 
that  the  ball  is  attracted  very  little,  or  not  at  all,  in  the  nuddle,  but 
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that  the  attractive  power  is  increased  as  we  bring  it  towards  either  end. 
If  any  substance  be  placed  between  the  ball  and  the  magnet,  the  at- 
traction is  just  as  marked,  unless  the  interposed  substance  itself  con- 
tains iron.  Nearly  aU  substances  that  are  not  themselves  magnetic 
are  capable  of  transmitting  the  magnetic  influence. 

Another  feature  of  magnetic  polarity  is,  that  like  poles  repel,  and 
unlike  poles  attract,  each  other.  If  one  magnetic  bar  be  suspended 
freely  in  the  air,  and  another  be  brought  near  to  it,  it  will  be  found 
that  the  north  pole  of  one  is  attracted  by  the  south  pole  of  the  other, 
and  via  vcrsd — in  short,  that  the  like  poles  repel,  while  the  unlike 
attract. 
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Magnetism  of  Broken  Magnets, — If  a  bar  that  has  been  magnetized 
be  broken  in  the  middle,  eacli  half  will  have  two  poles  and  a  neutral 
point  in  the  centre.  If  one  of  these  halves  is  broken  in  the  middle, 
each  half  will  be  found  to  have  two  poles  and  a  neutral  line.  If  one 
of  these  parts  in  turn  be  broken,  each  half  will  again  be  found  to  be  a 
complete  magnet,  with  two  poles  and  a  neutral  line,  and  so  on  as  long 
as  we  can  carry  the  division. 

Coulomb* s  Theory  of  Magnetism. — A  theory  of  magnetism  ad- 
vanced by  Coulomb  is,  that  magnetic  substances  consist  of  particles^ 
each  one  of  whieh  is  a  magnet.  These  particles  have  their  poles  turned 
m  different  directions,  so  as  to  neutralize  each  other. 

Magnetization  brings  these  particles  round  so  iVotXthey  lie  in  the  same 
direction.  This  theory  brings  magnetism  very  close  to  statical  electri- 
city, and  would  naturally  be  adopted  by  those  who  believe  all  mag- 
netic phenomena  result  from  electricity  in  magnetic  bodies* 
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Soft  iron,  when  adulterated  with  sulphur,  phosphorus,  arsenic,  oi 
charcoal,  or  if  it  is  even  twisted  or  bent,  may  exhibit  a  slight  degree 
of  coercitive  force.  Soft  iron  that  is  perfectly  pure  possesses  no  coer- 
citive  force  whatever. 

The  law  of  the  distribution  of  magnetism  in  a  bar  of  iron,  and  the 
law  of  magnetic  attraction  and  repulsion  were  discovered  by  Coulomb 
in  1789. 

Shape  of  Magnets — Magnetic  y€r»»i7/wr<rx.— Artificial  magnets  are 
cither  composed  of  straight  bars,  or  are  bent  in  the  shape  of  a  horse- 
shoe. The  horseshoe  form  is  used  mainly  for  the  sake  of  conveni- 
ence. It  enables  us  to  apply  both  poles  simultaneously  and  uniformly 
to  the  object  tliat  is  to  be  magnetized.  Very  powerful  magnets  may 
be  made  of  a  number  of  thin  steel  bars  placed  side  by  side,  their  poles 
being  situated  homonymously,  that  is,  lying  in  the  same  direction.  A 
number  of  bundles  of  bars  of  steel  arranged  in  this  way  is  called  a 
'•^magnetic  magazine^  or  battery" 

Magnetic  armatures  are  pieces  of  soft  iron  that  are  placed  at  the  ends 
of  magnets,  to  keep  their  magnetic  power.  This  bar,  or  armature,  not 
only  receives  magnetism  from  the  magnet,  but  acts  upon  it  in  return, 
and  thus  helps  to  preserve  its  magnetic  power.  Magnets  that  are  not 
provided  with  an  armature  gradually  lose  their  attractive  power  by  the 
disturbing  influence  of  the  magnetism  of  the  earth.  The  magnetic 
power  of  magnets  is  apt  to  be  impaired  by  letting  them  fall  on  a  hard 
surface,  or  by  suddenly  striking  them  with  a  solid  body. 


Fig.  3. 

Magnetisation. — It  is  possible  to  communicate  magnetism  to 
that  can  retain  it  in  several  ditferent  ways : 

1.  By  single  Touch. — The  bar  which  wc  wish  to  magnetize  is  laid 
on  a  table,  and  the  pole  of  a  magnet  is  rubbed  along  its  surface  firoiu 
end  to  end  for  a  number  of  times, 

2.  By  double  Touch. — The  bar  that  is  to  be  magnetized  is  placed  on 
a  piece  of  wood,  the  ends  of  which  are  placed  against  two  strong  mag- 
nets. Two  magnets  for  rubbing  are  placed  on  the  bar  to  be  magnet- 
ized, making  an  angle  with  the  bar  of  from  15*  to  20®.  A  small  piece 
of  wood  is  placed  between  the  extremities  of  these  two  magnets,  to 
prevent  their  touching.  They  are  then  rubbed  along  the  bar  that  is  to 
be  magnetized,  from  the  middle  towards  the  end,  and  back  again,  and 
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raised  from  the  magnetized  bar  again  at  the  middle.  This  method 
communicates  a  strong,  though  sometimes  irregular  magnetism  ;  it  wai 
invented  by  Mitchell,  and  perfected  by  Epinus  in  1758. 

3.  By  separate  Touch, — This  method  consists  in  putting  two  opposite 
poles  of  two  magnets  of  the  same  force  in  the  middle  of  the  bar  that  is 
to  be  magnetized,  and  moving  each  of  them  at  the  same  time  toward 
the  opposite  end  of  the  bar.  This  operation  is  repeated  several  times 
on  both  sides  until  the  bar  is  magnetized- 

The  magnets  may  be  held  vertically  or  may  be  inclined. 
The  vertical  method  was  first  used  by  Knight  in  1745. 

4.  By  the  Galvanic  Current. — The  bar  to  be  magnetized  is  placed 
inside  a  coil  of  msulated  wire  through  which  a  galvanic  current  is  run. 
ning,  and  is  then  moved  backward  and  fonvard,  as  in  the  method  by 
the  double  touch. 

5.  By  the  Earth. — It  is  clear  that  the  earth  is  itself  a  magnet,  for  il 
manifests  strong  inductive  power.  A  steel  rod  becomes  permanently 
magnetic  when  it  is  held  parallel  to  a  dipping-needle.  If  a  bar  of  soft 
iron  is  held  in  the  same  position  it  also  becomes  magnetic,  and  much 
more  rapidly  than  the  steel  bar,  but  does  not  so  long  retain  its  magnet- 
ism. If  a  soft  iron  bar,  held  in  this  position,  is  struck  a  few  times  by  a 
hammer,  its  magnetism,  which  was  before  temporary,  becomes  per- 
manent. The  blows  of  the  hammer  seem  to  impart  in  some  mys- 
terious  way  a  coercitivc  force  to  the  temporary  magnet. 

I^arge  masses  of  iron,  when  kept  in  a  stationary  position  for  any 
length  of  time,  always  give  proofs  of  having  been  magnetized  by  the 
earth.  Tools  in  workshops  are  apt  to  become  permanently  magnetic 
from  the  repeated  hammering  to  which  they  are  subjected.  The  mag- 
netism of  the  loadstone  is  due  to  the  silent  but  continuous  inductive 
action  of  the  earth.* 

Saturation  Point  of  Afagnetism, — ^The  limit  of  the  amount  of  mag- 
netism that  a  magnet  can  permanently  retain  is  called  the /<?/«/  of  satu- 
ration. If  any  magnet  receives  more  of  magnetism  than  it  can  perma- 
nently retain,  it  gradually  loses  it  or  throws  it  off  until  it  falls  to  the 
point  of  saturation,  when  it  ceases  to  lose  any  more.  The  saturativc 
point  of  any  magnet  depends  on  its  temper  and  coercitive  force.  Mag- 
nets will  retain  dieir  magnetism  at  the  point  of  saturation  for  years  if 
they  are  not  seriously  disturbed. 

Magnetism  is  very  markedly  influenced  by  temperature.     When  a 


•  On  this  subject  we  may  refer  to  the  able  pamphlet  of  Prof.  Mayer  on  Tfu  EartA 
t  greot  Magntt, 
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magnet  is  healed  it  loses  its  magnetic  power  in  proportion  as  its  tern 
perature  rises ;  when  it  is  cooled,  it  regains  more  or  less  of  what  it  has 
lost.  But  if  any  magnet  is  subjected  to  a  heating  process  for  a  number 
of  times,  it  becomes  less  sensitive  to  the  changes  of  temperature.  All 
evidence  of  magnetism  is  driven  out  of  a  magnet  at  white  heat,  but  it 
regains  its  capacity  of  magnetization  after  it  has  been  tempered  and 
magnetized. 

Paramagnetism  and  Diamagnetism.—'Whtn  a  rod  of  iron  or  a  needle 
is  suspended  between  the  poles  of  a  magnet,  it  is  attracted  by  these 
poles,  and  keeps  a  position  of  rest  between  them,  in  a  line  joining  the 
two  poles. 

Substances  which  behave  in  this  way  are  called  paramagnetic^  and 
they  are  said  to  place  themselves  axiaUy  between  the  poles.  WTien  a 
rod  of  some  other  substance,  as  bismuth,  is  suspended  between  the  poles 
of  a  magnet,  it  is  repelled  by  them,  and  keeps  a  position  of  rest  in  a  lint 
of  right  angles  to  the  two  poles.  Substances  which  behave  in  this  way 
are  called  diamagnetic^  and  they  are  said  to  place  themselves  equatori- 
ally  between  the  poles.  The  representative  of  paramagnetic  bodies  is 
iron.  The  representative  of  diamagnetic  bodies  is  bismuth.  The  para- 
magnetism  of  iron,  nickel,  and  cobalt  is  manifested  before  magriets  of 
average  strength  ;  but  the  majority  of  substances  exhibit  diamagnetic 
traits  only  in  the  presence  of  the  strongest  magnets. 

Experiments  in  this  department  are  usually  conducted  with  electro- 
magnets, since  they  are  much  stronger  than  permanent  magnets. 

Paramagnetism  and  Diamagneiism  of  Liquids^  Flames^  and  Gases,—' 
To  study  the  magnetic  properties  of  liquids,  they  are  placed  in  long 
tubes  of  thin  glass  and  hung  like  rods  of  solid  substances  between  the 
poles  of  a  magnet  It  is  found  that  some  arrange  themselves  axially 
and  others  eqtiatorially. 

A  paramagnetic  liquid  becomes  heaped  up  at  the  poles  and  depress- 
ed between  them^  A  diamagnetic  liquid  is  depressed  at  the  poles  and 
heaped  up  in  the  centre.  The  flame  of  a  candle  is  repelled  by  the 
poles  of  a  magnet  and  brought  into  an  equatorial  position  ;  it  is  there- 
fore a  diamagnetic.  The  magnetism  of  gases  is  studied  by  sending 
ihcra  through  glass  tubes  between  the  poles,  or  by  inflating  soap  bub- 
bles with  them.  The  nature  and  degree  of  the  magnetism  which  bodies 
exhibit  is  modified  by  the  nature  of  the  medium  in  which  they  are 
examined.  A  glass  tube  filled  with  a  solution  of  protosulphate  of 
iron  is  paramagnetic  when  suspended  in  air,  in  pure  water,  or  in  a 
m&rt  dilute  solution  of  proto-sulphate  of  iron ;  in  a  sohition  of  the 
tame  strength  it  is  indifferent ;  in  a  stronger  solution  it  is  diamagnetic* 
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Then,  according  to  the  medium,  a  substance  may  be  paramagnetic, 
diamagnetic,  or  indifferent.  The  general  law  is,  that  a  substance  is  in- 
different toward  a  substance  of  equal  magnetism,  paramagnetic  toward 
one  of  less  magnetism,  and  diamagnetic  toward  one  of  greater  mag 
netism  than  itself. 


INKTIC  SCTBSTAKCES. 

DIAMAGNETIC  SUBSTANCES. 

Iron* 

Bismuth, 

Nickel, 

Antimony, 

Cobalt, 

Zinc, 

Manganese, 

Tin, 

Chromium, 

Cadmium, 

Titanium, 

Sodium, 

Palladium, 

Mercury, 

Paper, 

Lead, 

Sealing-wax, 

Silver, 

Peroxide  of  Lead, 

Copper, 

Plumbago, 

Gold, 

Red  Lead, 

Arsenic, 

Sulphate  of  Zinc, 

Alum, 

Shellac, 

Glass, 

Vermilion, 

Sulphur, 

Charcoal, 

Sugar, 

Oxygen, 

Alcohol, 

Air, 

Water, 

Salts  of  Manganese, 

Caoutchouc, 

Proto  and  per  Salts  of  Iron. 

Hydrogen, 

Nitrogen, 

Carbonic  acid. 

Brugman  discovered  in  1778  that  bismuth  was  repelled  and  cobalt 
was  attracted  by  the  poles  of  a  magnet.  Diamagnetism  was  discov- 
ered and  worked  up  by  Faraday  in  1845.  In  1855  and  subsequently  the 
subject  has  been  variously  investigated  by  Tyndall. 

Physical  Effects  of  Magnetization, — Magnetization  produces  two 
remarkable  effects — sound  and  elongation.  When  a  good  ear  is  placed 
near  an  iron  core,  just  as  the  current  is  being  established  around  it,  a 
click  is  heard.  The  same  sound  is  heard  when  the  current  is  broken. 
Place  a  rod  of  soft  iron  in  an  electro-magnetic  helix,  with  its  ends  rest- 
ing on  two  trays,  and  musical  sounds  may  be  produced.  Elongation  of 
a  bar  when  magnetized  is  thus  explained.     The  bar  may  be  supposed 
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to  be  made  up  of  particles  united  by  cohesion   but  capable  of  re- 
moval. 

When  the  bar  is  magnetized  these  particles  put  their  longest 
diameters  lengthwise  to  the  bar,  or  tend  in  that  direction.  That  sound 
is  an  effect  of  magnetization  was  discovered  by  Page.  The  elongation 
of  a  bar  by  magnetization  was  discovered  by  Joule,  of  Manchester,  one 
of  the  [>ioncers  of  the  doctrine  of  the  correlation  and  conservation  of 
forces.  Grove  has  also  shown  that  iron  filings,  suspended  in  a  cylinder 
around  which  the  current  runs,  attach  themselves  end  to  end 

Terrestrial  Magnetism. — When  a  needle  is  so  placed  that  it  can 
move  freely  in  a  horizontal  direction,  it  always  assumes  a  north  and 
south  position.  When  a  needle  is  so  placed  that  it  can  move  freely  in 
a  vertical  plane,  it  inclines  more  or  less  toward  the  earth. 

These  positions  of  a  suspended  needle  are  directed  by  the  magnetism 
of  the  earth, — terrestrial  magnetism^ — and  are  respectively  termed  its 
declination  and  inclination. 

Terrestrial  magnetism  is  composed  of  three  elements — declination^ 
inclination^  and  intensity. 

Declination. — The  declination  of  the  magnetic  needle  does  not 
always  coincide  with  the  north  and  south  points  of  the  horizon,  but  as 
a  rule  only  approximates  to  them. 

The  magnetic  meridian  is  a  vertical  plane  passing  through  the 
horizon  at  tJie  points  indicated  by  the  needle. 

The  astronomical  meridian  is  a  vertical  plane  passing  through  the 
horizon  at  the  north  and  south  points.  The  angle  between  these  merid- 
ians is  called  the  variation  of  the  needle. 

Inclination  or  Dip. — When  the  magnetic  needle  is  free  to  move  in 
a  vertical  direction,  it  inclines  from  the  horizontal  position.  The  angle 
between  the  needle  thus  Inclined  and  the  horizon  is  called  the  dip  or 
inclination.  The  dip  is  greatest  in  the  polar  regions,  and  diminishes 
toward  the  equator,  where  at  certain  points  it  is  zero.  This  discovery 
was  made  by  Robert  Norman,  an  instrument-maker,  of  London,  in 
1576. 

Magnetic  Poles. — ^Those  places  where  the  dipping-needle  is  vertical, 
that  is,  where  the  inclination  is  90*,  are  called  magnetic  poles. 

In  1830  Sir  James  Ross  found  that  the  north  magnetic  pole  was  96* 
43'  west  longitude,  and  70°  north  latitude.  The  probability  is  that  the 
•outh  magnetic  pole  is  about  154°  east  longitude  and  75I'  south 
latitude. 

Intensity. — The  magnetic  force  of  the  earth  which  brings  the  sus- 
pended needle  to  the  magnetic  position,  after  it  has  been  driven  frots 
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it,  Is  called  intensity.  The  needle  may  be  regarded  as  a  magnetic 
pendulum,  with  magnetism  instead  of  gravity  acting  on  it. 

Halley,  the  astronomer  royal,  published  the  first  magnetic  charts  ia 
1 701. 

Variations  of  the  Needle. — The  magnetic  elements — inclination,  de« 
clination,  and  intensity — vary  at  different  places.  These  variations 
are  called  secular^  annual^  and  diurnal. 

Secular  Variaiions  are  those  which  take  place  in  the  lapse  of 
centuries.  In  every  place  the  magnetic  elements  vary  with  exceeding 
slowness  from  year  to  year,  completing  cycles  of  change  in  the  course 
of  ages. 

Annual  Variations  are  observed  from  month  to  month.  The  west- 
ern declination,  for  instance,  decreases  between  April  and  July,  and 
increases  during  the  remainder  of  the  year. 

Diurnal  Variations. — The  needle  has  a  mean  daily  position,  from 
which  it  regularly  deflects  eastward  or  westward  at  certain  hours  of  the 
day.  At  midnight  the  needle  is  i^'  east  of  this  mean  daily  position. 
It  reaches  its  furthest  east  point  at  eight  o'clock  in  the  morning.  At  one 
o'clock  in  the  afternoon  it  reaches  to  10'  west  It  remains  west  of  the 
mean  until  midnight.  The  needle  is  at  the  mean  position  a  little  after 
ten  in  the  morning  and  a  little  before  seven  in  the  evening.  But  the 
daily  range  of  the  needle  varies  in  the  different  seasons  of  the  year.  In 
llie  month  of  May  the  average  daily  range  between  the  eastern  and 
western  extremes  is  12'.  This  is  its  maximum  range  for  the  year.  In 
December  the  average  daily  range  is  5'  28",  which  is  the  minimum  for 
the  year.  Diurnal  variations  were  discovered  by  Graham,  an  instru- 
ment-maker, of  London,  in  1722. 

The  diurnal  variations  of  the  range  are  not  uniform  in  all  parts  of  the 
world.  Near  the  magnetic  equator  it  amounts  to  very  little  or  to  noth- 
ing at  all,  but  increases  toward  the  north. 

Oceasional  Variations. — The  daily  course  of  the  needle  is  liable  to 
be  quite  materially  altered  by  the  various  changes  and  disturbances  of 
the  earth  and  atmosphere.  Sometimes  these  changes  thus  produced 
amount  to  one  or  two  degrees. 

It  b  very  well  known  that  the  phenomena  of  the  "  northern  lights  ** 
we  accompanied  by  greater  or  less  magnetic  variations.  Earthquakes, 
volcanoes,  thunder  storms,  whirlwinds,  and  indeed  all  forms  of  disturb- 
ances and  warring  of  the  elements,  are  liable  to  be  associated  with 
greater  or  less  variations  of  the  terrestrial  magnetism.  These  disturb- 
ances have  been  termed  by  Humboldt  "  magnetic  storms,"  and  are 
known  as  such  among  telegraph  operators  and  marmen. 
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The  magnetism  of  the  earth  is  indeed  in  a  state  of  constant  fluctua- 
tion, like  the  waves  of  the  ocean.  It  has  been  found  by  the  observa- 
tions of  Sabine  and  others  that  there  is  a  certain  periodicity  to  these 
storms,  and  Schwabe  and  others  have  shown  that  the  spots  on  the  sun 
vary  continuaUy  and  reach  their  maximum  every  ten  years,  and  at  a 
corresponding  time.  Hanstien  published  a  work  on  the  magnetism  of 
the  earth,  in  1817,  and  in  1826  published  the  first  iso-dynamic  charts. 
Magnetic  stations  were  first  established  in  Europe  in  1835,  and  in  1836 
observations  were  pubhshed  by  Gauss  and  Weber.  Between  1840  and 
1854  observations  were  made  by  British  officers  throughout  the  empire 
under  the  directions  of  Colonel  Sabine. 

Theory  of  Terrestrial  Magnetism. — The  theory  of  magnetism,  which 
we  hold  in  common  with  many  philosophers,  is,  that  magnetism  is  gene- 
rated in  the  earth  by  the  heat  of  the  sun,  and  that  the  currents  thus 
produced  are  continually  traversing  the  surface. 

Prof.  Chas.  Yoimg,  the  distinguished  spectroscopic  astronomer,  in- 
forms us  that  while  making  observations  at  Shenuan,  on  the  Rocky 
Mountains,  the  magnetic  needle  was  disturbed  very  s-nsibly  (2/  the  very 
moment  that  disturbances  were  taking  place  on  the  sun.  If  these 
observations  should  be  conftrmed,  it  would  seem  to  suggest  the  theory 
that  magnetism  travels  from  the  sun  through  the  ether  with  the  rapidity 
of  light. 

Still  further,  it  has  been  shown  by  a  powerful  array  of  comparative 
observations,  extending  through  many  years,  that  the  appearances  of 
the  aurora  borealis,  the  magnetic  storms,  and  variations  in  the  solax 
spots,  correspond  both  in  their  maxima  and  their  minima.  This  corre- 
spondence is  so  complete  as  to  give  convincing  probability  to  the  the- 
ory that  our  sim  is  the  grand  source  of  magnetism,  and  that  the  aurora 
and  all  other  magnetic  disturbances  are  direct  resultants  of  a  solar 
influence.* 

The  acceptance  of  the  theory  that  there  is  one  mighty  and  widely 
pervading  force  in  nature,  that  in  some  substances  and  under  certain 
conditions  manifests  itself  as  magnetism,  and  in  other  substances  and 
under  different  conditions  manifests  itself  as  statical  or  dynamical  or 
animal  electricity,  and  that  the  differences  of  rapidity  with  which  these 
forces  travel,  and  the  various  and  distinctive  peculiarities  by  which  they 
manifest  themselves,  depend  on  the  medium  tiirough  which  they  are 
propagated  and  the  circumstances  under  which  they  are  developed, 


*  This  fubject  Udisctissed  in  a  valu&ble  paper  b  the  Amtriean  Joitrnat  of  S<itiue$^ 
April,  1S73,  by  ProC  Eliu  Loomis,  of  Yale  Collq^ 
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has  the  advantage  of  simplicity,  and  may  perhaps  help  us  to  compre- 
hend the  action  of  magnetism  and  electricity  on  the  human  body  in 
health  and  disease.  In  this  view  a  proper  understanding  of  the  lawf 
of  magnetism  becomes  essential  to  the  electro-physiologist  and  the  elec* 
tro-therapeutist 


CHAPTER  II. 


FRICTTIONAL,  OR    STATICAL,    OR    FRANKLINIC    ELECTRICnY. 


When  glass  is  rubbed  with  silk  it  acquires  the  power  of  attracting 
any  light  substance,  such  as  a  pith-ball.  By  a  short  contact  this  prop- 
erty is  also  communicated  to  the  pilh-ball,  and  it  then  repels  the  glass 
instead  of  being  attracted. 

These  phenomena  are  explained  by  the  existence  of  a  force  which  ii^ 
termed  Electricity.     That  which  exists  in  the  glass  is  called  vitreous^  < 
positive,  or  +   electricity.     If  a  piece  of  sealing-wax  be  rubbed  with  ' 
flannel  it  will  attract  the  pith-ball,  which  is  repelled  by  the  glass.     This 
phenomenon  is  due  to  the  existence  of  resinous,  or  negative^  or  —  elec- 
tricity in  the  sealing-wax. 

The  name  electricity  is  derived  from  the  Greek  word  yikna-pov,  mean- 
ing amber,  because,  as  the  story  goes,  Thales  of  Miletus,  one  of  the 
seven  sages  of  Greece,  first  discovered  the  manifestations  of  this  myste- 
rious force  by  rubbing  a  piece  of  amber  with  a  dry  cloth. 

The  science  of  electricity  dates  from  1600,  when  Dn  Gilbert,  of  Col- 
chester, physician  to  Queen  Elizabeth,  published  a  work  on  magnetism, 
entitled  Tractatus  de  Magnete.  He  first  used  the  word  electricity.  He 
showed  that  not  only  amber,  but  other  bodies,  as  sulphur,  wax,  etc., 
develop  electricity.  lie  first  used  the  term  poles  in  magnetism,  and 
announced  the  first  theory  of  terrestrial  magnetism.  Not  only  sealing- 
wax  and  glass,  but  all  bodies  contain  more  or  less  of  electricity  that  may 
be  thus  developed  by  some  kind  of  friction. 

Conductors  and  Nonconductors. — All  bodies  are  electrically  divided 
into  three  classes:  Conductors,  semi-conductors,  and  non-conductors. 
Under  the  first  class— conductors — are  included  water  and  all  saline 
solutions,  the  metals,  the  earths  and  stones,  the  structures  of  plants  and 
animals,  etc,  etc.  Under  the  second  class — semi-conductors — arc  in- 
cluded ether,  alcohol,  dry  wood,  marble,  paper,  straw,  etc.,  at  ^2^  F. 
Under  the  third  class — non-conductors,  or  insulators — are  included  glass, 
sealing-wax,  porcelain,  resins,  sulphur,  wax,  dry  metallic  oxides,  fatty 
oils,  etc,  at  —  xj^F.;  phosphorus,  india-rubber,  gutta-percha,  col- 
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lodion,  wool,  dry  hair,  silk,  shellac,  ebonite,  amber,  feathers,  chalk, 
linic,  dry  gases,  and  aqueous  vapor  in  a  dry  state. 

The  conducting  power  of  metals  may  be  lessened  by  heating  them. 
In  nearly  all  other  substances  heat  increases  the  conducting  power. 
Certain  substances,  such  as  feathers,  wool,  hair,  and  the  atmosphere, 
which  in  a  dry  slate  are  non-conductors,  become,  when  thoroughly 
moistened,  the  best  of  conductors. 

In  tliis  classification  of  all  substances  into  conductors,  semi-conduc- 
tors, and  non-conduQtors,  reference  is  had  only  to  frictional  electricity. 
Substances  that  are  semi-conductors  for  frictional  electricity  are  non- 
conductors for  galvanic  electricity. 

Frictional  electricity  may  be  obtained  not  only  by  rubbing,  but  also 
by  cleavage  and  pressure.  When  a  piece  of  mica  is  cleaved,  the  two 
plates  which  are  separated  exhibit  opposite  electricities,  and  a  faint 
light  is  observed  when  the  cleavage  is  made  in  the  dark.  The  light 
that  is  seen  when  sugar  candy  or  loaf-sugar  is  broken,  is  accounted  for 
by  the  development  of  electricity  through  cleavage. 

When  a  thin  piece  of  cork  is  pressed  against  a  slice  of  orange, 
by  insulating  handles,  one  assumes  a  positive  and  the  other  a  negative 
electricity.  The  same  phenomena  may  be  obtained  by  cleavage  and 
pressure  of  very  many  other  substances,  and  under  diverse  condi- 
tions. 

A  conductor  is  said  to  be  insulated  when  it  is  placed  on  some  non- 
conducting substance,  so  that  the  electricity  communicated  to  it  is  pre- 
vented from  passing  into  the  ground.  Glass  is  one  of  the  best  non- 
conductors, and  is  the  insulating  material  usually  employed  in  the  con- 
struction of  electrical  apparatus.  It  is  hard,  durable,  and  easily  ob- 
tained, and,  could  its  surface  be  kept  always  dry,  would  be  surpassed  as 
an  insulator  by  no  material.  In  frosty  and  dry  weather  it  acts  very  well ; 
but  when  the  atmosphere  is  at  all  damp,  it  becomes  coated  with  a  layer 
of  moisture,  which  very  much  impairs  its  insulating  power. 

A  much  superior  insulator  to  glass  is  ebonite,  a  preparation  of  vulcan- 
ized india-rubber,  that  of  late  has  been  much  used. 

Discovery  of  Electric  Conduction. — Electric  conduction  was  discov- 
ered by  Stephen  Grey  in  1729.  He  found  that  when  a  wire  700  feet 
long,  and  hung  on  loops  of  silk,  was  connected  at  one  end  with  a  glass 
tube,  and  the  tube  was  rubbed,  the  other  end  of  the  wire  was  electri- 
fied and  attracted  light  bodies.  When  wire-loops  were  substituted  for 
tlie  silk-loops,  the  electricity  passed  off  through  the  wire.  Hence  origi- 
nated the  distinction  between  insulators  and  conductors. 

Loss  of  Electricity, — All  electrified  bodies  lose  electricity  more  or  lessj 
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however  carefully  they  may  be  insulated.  Tnere  are  two  reasons  for 
this:— 

First  No  instilalors  are  perfect.  The  best  insulators,  as  glass  and 
rubber,  conduct  somewhat. 

Secondly.  The  air  is  a  conductor  ;  its  conductive  capacity  depends 
upon  the  amount  of  moisture  in  it. 

In  vacuo^  also,  electrified  bodies  lose  their  electricity  more  rapidly 
than  in  air,  on  account  of  the  diminution  of  the  pressure  on  the  insulat- 
ing surface. 

The  human  body,  as  will  be  shown  under  Electro-physiology,  is 
charged  with  electricity,  which  is  conducted  away  by  the  air,  and  noC 
unlikely  by  other  conductors. 

Statical  Induction. — An  insulated  conductor y  when  charged  with  eilhrr 

positive  or  negative  electricity^  acts  on  bodies  placed  near  to  it  just  as  the 

magnet  acts  on  soft  iron  ;  it  attracts  the  opposite 

^  _  ^^^         and  repels  the  same  kind  of  electricity.     This  may 

CSj^S^  JJ^B         be  shown  in  the  following  manner  :  A  brass  cylin* 

l\  J  i  V  jT^  der  {Fig.  4),  rounded  at  either  extremity,  is 
I  I  insulated  by  means  of  a  glass  rod.     Two  pith- 

I  B  balls  are  suspended  by  cotton  thread  from  each 

^^^  Jb^  ^"^-  If  ^">  insulated  ball  charged  wiih  positive 
Pic  4,  electricity  be  brought  in  close  proximity  to  the 

brass  cylinder,  the  pith-balls  will  diverge,  show- 
ing a  disturbance  of  the  electrical  equilibrium  in  the  cylinder.  So  soon 
as  ihe  charged  ball  is  withdrawn,  the  pith-balls  hang  down  as  before, 
showing  that  the  electrical  disturbance  in  the  cylinder  depended  on  the 
presence  of  the  charged  ball,  and  was  merely  temporary. 

If  a  small  disk  of  insulated  gilt  paper  be  brought  in  contact  with 
the  end  of  the  cylinder  next  the  charged  ball,  and  then  approached 
toward  an  electrometer,  the  needle  will  indicate  that  the  disk  has  re- 
ceived —  electricity. 

If  the  experiment  be  tried  with  the  opposite  end,  -f  electricity  will 
be  transmitted  to  the  gilt  disk. 

It  is  thus  seen  that  +  electricity  of  the  charged  ball  causes  the  near 
end  of  the  cylinder  to  assume  a  —  condition  ;  while,  according  to  a 
universal  law,  that  no  —  electricity  can  be  excited  without  an  equal 
amount  of  positive  electricity,  the  opposite  extremity  becomes  +.  The 
phenomenon  thus  described  is  called  induction^  or  influence  ;  and  while 
in  this  peculiar  electrical  condition  the  cylinder  is  said  to  he  polar^ 
ized. 

Induction  and  Conduction  compared. — ^Wc  ha.c  seen  that  a  body  voxy 


be  charged  with  el«clricily  both  by  conduction — actual  contact — and 
by  Induction  at  a  distance.  In  conduction,  the  first  body  loses  a  part 
of  its  electricity ;  in  induction  it  does  not.  In  conduction,  the  eiec- 
tridty  given  to  the  body  is  the  same  as  that  which  gives  it ;  in  induc- 
tion, it  is  of  the  opposite  kind.  In  order  to  impart  electricity  by  con- 
duction^  the  body  must  be  insulated  ;  to  impart  electricity  by  induction, 
the  body  must  be  for  the  time  in  connection  with  the  earth.  Bnd  con 
ductors  are  acted  on  by  induction  slowly^  but  retain  their  electricity 
longer  ;  just  as  steel  which  is  slowly  magnetized  becomes  z. permanent 
magnet,  while  soft  iron,  which  is  rapidly  magnetized,  soon  loses  its 
magnetism.  There  is  a  limit  to  the  comluctive  capacity  of  every  elec- 
trified body  ;  when  this  limit  is  reached,  it  ceases  to  have  any  effect  on 
the  second  body. 

Distribution  of  Electricity. — It  is  evident  that  the  greater  the  surface 
over  which  electricity  is  diffused,  the  less  is  its  power  f>r  intensity  at  any 
given  point. 

Electricity  does  not  penetrate  to  the  interior  of  metallic  conductors^  but 
diffuses  itself  o^^er  the  surface. 

Experiment  proves  this.     Let  a  brass  ball  be  charged  with  electricity, 
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^nd  suspended  by  a  silk  thread,  and  then  covered  with  two  hemispheri- 
cal  surfaces  of  brass,  which  exactly  fit  it.  When  the  hemispheres  are 
withdrawn,  it  will  be  found  that  they  are  charged  with  electricity,  which 
has  been  entirely  taken  from  the  brass  ball 

Faraday  illustrated  this  truth  by  a  beautiful  and  original  experiment 
with  a  conical  bag  of  cotton  gauze,  around  the  opening  of  which  an  in- 
talated  ring  was  attached.  The  bag  was  held  distended  by  means  of  a 
silk  thread  attached  to  the  apex,  and  then  charged.  By  the  proof-plane, 
he  found  that  the  charge  was  wholly  on  the  outside.  The  bag  was 
then  turned  inside  out  by  pulling  the  thread  the  other  way,  when  it  was 
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found  that  the  electricity  had  changed  sides,  and  \a.y  u/i^//y  on  the 
outside. 

Density.— The  quantity  of  electricity  on  a  given  surface  at  any  montcni 
is  called  electric  density y  or  thickness. 

The  shape  of  a  body  has  an  influence  in  the  distribution  of  electricity 
over  it. 

In  an  elli])soid,  for  example,  the  density  is  greatest  at  the  small  end 
and  least  at  the  middle  space. 
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On  an  insulated  cylinder,  with  the  two  hemispheres  at  the  ends,  the 
density  of  the  electricity  is  greatest  at  the  ends.  On  a  circular  disk, 
the  density  is  greatest  at  the  edges.  The  tendency  is  for  electrieity  ic 
accumulate  at  points.  On  a  sphere  the  density  is  uniform ;  the  further 
removed  a  body  is  from  a  sphere  the  more  irregular  the  distribution. 

In  all  pointed  rods  the  electricity  accumulates  at  the  pointed  ex- 
tremities ;  hence  lightning  rods  are  made  to  terminate  at  sharp  points. 
In  electro-physiology  and  electro-therapeutics  it  is  found  that  small, 
pointed  electrodes  cause  much  more  pain,  the  strength  of  the  current 
being  the  same,  than  large,  broad  electrodes.  Hence,  except  in  those 
cases  where  it  is  desired  to  confine  the  action  of  the  current  to  a  very 
limited  surface,  electrodes  of  pretty  good  surface  are  desirable. 

Electric  Machines. — This  term  is  exceedingly  vague.  It  is  applied 
to  any  and  all  forms  of  electrical  apparatus.  The  first  electric  machine 
was  made  in  1672,  by  Otto  von  Guericke,  of  Magdeburg.'  It  consisted 
of  a  globe  of  sulphur,  turned  on  its  axis  by  one  hand  and  pressed  against 


*  Pxperimenta  Nova.     Magdcburgiciu 
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the  other  hand.     Afterward    a  glass   cylinder  was   used   instead   of 
sulphur. 

In  1740  Winckler  substituted  cushions  of  horse-hair  as  rubbers.  In 
1760  Ramsien  substituted  a  circular  glass  plate  for  the  glass  cylinder. 
The  forms  of  electric  machines  now  used  are  modifications  of  Rams* 
den's.  This  is  one  of  the  fomis  of  apparatus  from  which  we  obtain 
statical  electricity.  Fig.  7  represents  the  common  cylinder  electrical 
machine,  for  developing  electridly  by  friction. 
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ffotlis  Elcctrophorus  Machine. — ^The  best  and  most  recent  form  of 
apparatus  for  statical  electricity  is  the  electrophorus  machine  that  was 
invented  by  Holti,*  of  Berlin,  in  1865.  In  tliis  machine  the  electricity 
is  generated  not  by  friction,  but,  as  in  the  electrophorus,  by  inductivi 
tulion.  The  machme  consists  of  two  glass  disks  and  paper  coatings, 
with  a  number  of  conductors.  One  of  the  disks  revolves  on  its  axis ; 
the  other  remains  immovable.  The  disks  and  paper  coatings  are  cov. 
ercd  with  sealing-wax. 

The  metallic  conductors  are  made  in  a  comb-shape.  An  incision  in 
the  immovable  disk,  Avith  the  paper  coating  and  metallic  conductor,  is 
called  an  elemenL  The  machine  may  have  two,  four,  six,  or  eight  of 
these  elements.  When  rotated,  the  paper  coating  becomes  charged  with 
negative  electricity :  the  corresponding  part  o{  the  movable  disk  be- 
conies  charged  with  positive  electricity.  The  conductor  corresponds 
to  the  finger  of  the  experimenter.     The  length  of  the  spark  produced 

*  A  iinuUr  machine  was  oonstmcted  about  the  latne  time  by  Topier. 
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by  the  raachine  depends  on  the  size  of  the  disk,  which  may  be   12,  21, 
or  30  inches  in  diameter.     These  machines  are   also  called  rotation 
multipliers,  because  by  their  rotary  motion  they  multiply  by  successive' 
transmissions  the  charge  of  electricity  that  they  communicate. 
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Electric  Spark. — An  interesting  phenomenon  connected  Mrith  the 
electrical  raachine  is  the  electric  spark  which  is  drawn  from  the  con- 
ductor when  the  finger  is  presented  to  it. 

The  positive  electricity  of  the  conductor  decomposes  the  electricity 
of  the  body,  attracting  the  negative  and  repelling  the  positive,  and,  when 
the  tension  is  great  enough,  these  opposite  electricities  overcome  the 
resistance  of  the  air  and  rccombine,  with  a  spark  and  crackling  sound. 
The  spark  is  accompanied  by  a  prickly  sensation.  When  the  spark  is 
short  it  is  straight ;  beyond  two  or  three  inches  in  length  it  becomes 
curved  or  zigzag,  like  the  lightning  in  the  sky. 
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The  hama.n  body  may  be  charged  with  electricity  by  sitting  on  an 
insulating  stool  and  touching  the  conductor  of  an  electrical  machine. 

When  the  body  is  thus  charged,  the  hair  diverges,  a  peculiar  sensa- 
tion is  felt  in  the  face,  and  if  any  other  person  standing  on  the  ground 
touches  one  so  charged,  he  receives  a  spark,  with  a  crackling  sound 
and  a  pricking  sensation. 

EUeirophorus. — The  electrophorus,  invented  by  Volta,  in  1775,  con- 
sists of  a  metallic  mould,  filled  with  a  mixture  of  shellac  and  turpentine, 
and  a  movable  metallic  cover  that  is  provided  with  a  glass  handle. 
The  surface  of  the  shellac  is  negatively  electrified  by  beating  it  with  a 
caf  s  fur  or  fox-tail.  The  cover  is  then  put  on,  and  by  contact  be- 
comes negatively  electrified,  and  gives  to  the  finger  a  slight  spark  of 
negative  electricity.  If  the  cover  be  now  removed  by  its  insulating 
handle,  it  gives  positive  electricity  to  whatever  touches  it.  This  posi- 
tive electricity  it  acquires  not  directly  from  the  shellac,  but  by  inductivi 
acii^n  through  the  air. 

Gold-Liaf  Electroscope. — By  this  instrument  we  are  enabled  not 
only  to  detect  the  presence,  but  to  determine  the  kind,  of  electricity 
that  may  exist  in  any  body. 

Fig.  9  represents  Bennett's  electroscope.      B  is  a  tubulated  glass 
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diade,  enclosed  at  its  lower  end  by  a  metallic  cover,  by  means  of  which 
it  communicates  with  the  ground.  A  metal  rod,  fitting  in  the  tubule  of 
the  diade,  terminates  at  its  upper  extremity  in  a  knob,  C,  and  at  its 
lower  extremity  it  holds  two  narrow  strips  of  gold  leaf.  On  the  inside 
of  the  shade  arc  two  strips  of  gold  leaf  reaching  to  the  metal  cover. 
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If  a  body  charged  with  either  kind  of  electricity  is  brought  in  contact 
with  the  knob,  the  gold  leaves  diverge, 

Thomsofi's  Quadrant  Electrometer. — A  far  superior  instrument  for 
all  delicate  researches  is  the  quadrant  eketrometer  of  Sir  Williani 
Thomson.  This  instrument  is  quite  complex,  and  only  in  a  general 
way  shall  we  attempt  to  describe  it.  A  delicate  aluminum  needle, 
two  inches  long,  is  hung  by  two  cocoon  threads  in  a  glass  jar,  whicli  is 
one  sixth  filled  with  sulphuric  acid.  From  the  needle  a  delicate  thread 
of  platinum  drops  into  the  acid.  The  needle  is  thus  free  to  swing  hori- 
contally  a  little  distance,  or  until  the  torsion  of  one  of  the  threads  by 
which  it  is  hung  forces  it  back  to  its  original  position.  Above  the 
needle  a  very  delicate  mirror  is  suspended.  When  the  ahiminum  needle 
is  charged  with  electricity,  which  is  conducted  through  the  sulphuric 
acid  and  carried  up  the  platinum  wire,  the  needle  is  repelled  or  at- 
tracted according  as  the  electricity  is  positive  or  negative.  Behind  a 
screen,  at  some  little  distance,  is  placed  a  lamp,  the  light  of  which 
reaches  the  needle  through  a  slit  in  the  screen.  On  the  screen  is  a 
•cale  ;  a  very  slight  movement  of  the  needle  is  reflected  by  the  mirror 
above  it  on  the  scale.     An  exceedingly  slight  displacement  of  the  needle 
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.  ^^  \u^  displacement  of  the  image  reflected  on  the 
-p..«^iMtit>ment  is  of  great  value  in  very  delicate  researches. 
-.  _^f^>c  Lcyden  jar  is  made  of  glass,  with  a  coating  of  tin- 
""^^■ILaBt »«^^^  *"*^  ^'^^^ extending  to  within  a  few  inches  of 
^y^^    IWaadh  ayamished  wooden  cover  a  wire,  having  a  knob 
if^"       -  ^  extends  to  the  inside  coating.     Now,  when  either 
V.      dectricity  is  communicated  to  the  knob  at  the 
.  ^jgsiaA  over  the  whole  inside  coaling  ;  and  by  its 
^ll^j  coating  takes  on  the  opposite  kind. 
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When  in  this  state, — the  two  coalings  being  oppositely  electrified, — 
llie  jar  is  said  to  be  charged  ;  and  a  discharge  takes  place  when  a  com- 
munication is  established  between  the  knob  and  the  outside  coating, 
ihe  equilibrium  being  restored  with  a  bright  tiash  of  light  and  a  sharp 

the  human  system  is  a  good  conductor,  this  discharge  may  take 
place  through  it,  by  grasping  the  outside  coating  with  one  hand,  and 
touching  the  knob  at  the  top  with  the  other ;  or  several  persons  may 
form  a  line  by  grasping  hands,  the  one  at  one  extreme  touching  tlie 
outside  coating,  while  the  one  at  the  other  extreme  touches  the  knob. 
All  i^nll  feel  the  shock,  as  it  is  called,  at  the  same  instant  While  the 
jar  is  receiving  the  charge,  it  must  not  be  insulated  ;  that  is,  the  outside 
must  communicate  with  the  earth.     As  the  positive  fluid  collects  on 

Pthe  inside,  the  outside  becomes  negative  by  the  expulsion  of  the  posi- 
tive fluid  naturally  in  it,  and  the  accumulation  of  tlie  negative  fluid  in 
its  stead,  drawn  from  the  earth.  But  if  the  outside  is  insulated,  these 
transfers  to  and  from  it  cj^nnot  take  place,  and  therefore  the  jar  cannot 
become  charged. 

A  submarine  cable  is  really  a  vast  Leyden  jar.  The  wire  constitutes 
the  interior  coating,  the  water  the  exterior  coating,  and  the  gutta- 
percha the  insulator  between  them.  On  this  account  the  passage  of 
an  electric  current  through  a  submarine  cable  is  greatly  retarded. 

History  cf  th^  Leyden  Jar. — In  October,  1745,  a  bishop  of  Cammin, 
in  Pomcrania,  Von  Kleist  by  name,  passed  through  a  cork  in  the  neck 
of  a  flask  an  iron  nail  connected  with  an  electrical  machine.  The  flask 
contained  mercury  or  alcohol.  On  touching  the  nail,  Von  Kleist  re- 
ceived a  severe  shock.  In  January,  1746,  Cuneus^  Al!aniand,  and 
Musschenbroek  passed  a  wire  from  an  electrical  machine  into  a  flask 
filled  with  water.  Musschenbroek  held  the  flask  in  his  right  hand,  and 
when  a  turn  was  given  to  the  machine,  he  received  a  spark  from  the 
conductor  with  his  left  hand. 

The  spark  was  so  terrible  that  he  declared  he  would  not  receive 
another  like  it  for  the  French  crown.  He  observed  what  Kleist  did 
not,  that  only  the  person  who  held  the  jar  received  the  shock.  In  this 
experiment  the  hand  of  the  observer  corresponded  to  the  outer  coating 
of  the  ordinary  Leyden  jar.  He  was  the  most  scientific  of  the  three 
Leyden  philosophers  who  have  given  the  name  to  the  Leyden  jar. 

The  theory  of  the  Leyden  jar,  and  apparatus  similar  to  it,  was  given 
by  Franklin  in  i747-  in  the  same  year  Watson,  Bishop  of  Llandaff, 
sent  a  discharge  from  a  Leyden  jar  through  2,800  feet,  and  subsequently 
through  xo,6oo  feet  of  wire. 
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Experiments  like  these  were  also  made  by  Franklin  across  the  SchuyU 
kilL 

For  a  long  time  Franklinic  electricity  was  the  only  form  nsed  in  electro* 
therapeutics.  At  present  it  is  but  little  used  except  in  certain  hos- 
pitals and  public  institutions.  Its  value  as  a  therapeutic  agent  is, 
however,  unquestioned,  and  now  that  some  (^  the  inconveniences 
attending  its  use  have  been  removed  by  Holtz's  machine,  it  is  just  that 
it  should  have  a  fair  and  careful  trial  at  the  hands  of  modem  electro* 
therapeutists. 


CHAPTER  IIL 


GALVANISM,    OR   VOLTAIC   ELECTRICITV. 


Under  the  general  term  Dynamical  Electricity  is  included  the  elec* 
tricity  which  arises,  firsts  from  chemical  action — especially  from  tha; 
attending  the  dissolution  of  metals— called  galvanism  or  voltaic  elec- 
tricity ;  secondly^  from  induction  by  currents  or  magnets,  called 
induced  electricity^  electro-magnetism^  or  magneto-electricity ;  thirdly ^ 
from  heat,  called  thermo-electricUy.  These  varieties  arc  called  dynam- 
ical eleotricily,  signifying  electricity  in  motion  as  distinguished  from 
frictional  or  statical  electricity,  which  denotes  the  electrical  condition 
of  bodies  in  which  electricity  remains  insulated  or  stationary.  Strictly 
speaking,  these  terms — dynamical  and  statical — are  applicable  to  both 
branches  of  the  science  ;  for  if  the  poles  of  a  series  of  galvanic  batteries 
are  insulated,  they  manifest,  before  the  current  begins,  the  electric 
tension  of  a  friction  machine.  Again,  the  characteristics  of  the  gal- 
vanic current  are  manifested  slightly  in  the  series  of  discharges  which 
are  transmitted  in  a  wire  connecting  the  prime  conductor  of  a  machine 
in  action  with  the  ground  or  other  negative  conductor. 

Nature  and  Definition  of  Force  and  its  Relation  to  Matter. — Force  is 
that  which  produces  motion.  It  is  itself  a  primary  motion  and  cannot 
be  defined.  Matter  is  a  collection  of  centres  of  force  called  atoms. 
Molecules  are  collections  of  atoms.  A  molecule  is  the  smallest  particle 
into  which  a  body  can  be  divided  without  losing  its  identity. 

The  molecules  of  a  gas  are  in  rapid  and  continuous  motion,  and  the 
relative  velocities  in  different  gases  has  easily  been  determined.  These 
motions  and  velocities  are  the  result  of  the  forces  of  which  matter  con- 
sists. It  must  be  similarly  true  of  liquids  and  solids  :  force  and  motion 
9re  the  bases  of  their  constitution.  Indeed,  without  force  matter  would 
oot  ejtist  at  all,  for  matter  is  simply  an  aggregation  of  centres  of  force. 

Ponderable  Matter  is  a  form  of  force  which  our  senses  recognize. 
Ether  pervades  all  matter  and  all  space,  but  it  is  not  recognized  by 
sense,  and  yet  it  is  none  the  less  a  manifestation  of  centres  of  force. 

Electricity  compared  with  other  Forces. — If  force  be  added  to  mattci 
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the  equilibrium  of  that  point  is  disturbed,  and  the  disturbance  is  ] 
gated  from  molecule  to  molecule,  through  matter»  or  ether,  or  both. 
Heat  by  conduction  and  mass-motion  are  of  matter  only.  Heat  by 
radialion  and  light  are  of  the  ether  only.  Electricity  is  now  regarded 
as  a  movement  of  the  ether,  and  of  the  body  in  which  it  circulates. 
Chemical  action  is  a  rearrangement  of  atoms.  After  this  action  the 
sum  of  the  activities  of  the  molecules  of  the  resulting  product  is  dif- 1 
ferent  from  that  which  its  factors  previously  had.  This  difference  is 
force,  and  appears  sometimes  as  light,  and  under  certain  conditions  as 
electricity,  but  it  is  rarely  or  never  confined  to  one  mode  of  manifes- 
tation. The  condition  for  the  generation  of  electricity  by  chemical  aciion 
appears  to  be  that  this  action  takes  place  at  the  surface  of  a  conductor 
through  which  a  current  (so  called)  can  circulate.  Since  the  current  is 
made  of  motion  of  the  molecules  of  the  conductor  through  which  it 
passes,  and  of  the  ether,  the  nature  of  the  conductor  must  modify  the 
current  itself.  It  is  known  that  the  current  through  a  telegraph- wire 
500  miles  long  meets  the  greater  part  of  its  resistance  in  the  first  100 
miles.  The  current  is  modified  by  the  material  and  length  and  size  of 
the  wire. 

The  differential  physiological  effects  of  induction-coils  of  different 
lengths  and  fineness  may  thus  be  in  part  explained.  These  differential 
effects  will  be  spoken  of  in  the  electro-therapeutical  portion  of  this 
work. 

The  Chemistry  of  the  Battery  not  yet  Exact. — Chemistry  can  never 
be  an  exact  science  until  temperature,  specific  heat,  and  matter  are  all 
considered,  and  justly  estimated  in  all  reactions.  This  has  not  yet  bcea 
accomplished. 

We  are  unable  to  state  a  priori  what  must  be  the  electro-motive  force 
of  the  different  batteries  in  use,  since  that,  as  we  have  seen,  depends 
on  data  hereafter  to  be  determined.  Frequently,  however,  we  are  able 
to  state  which  of  two  reactions  must  evolve  the  greater  force,  and  so, 
under  like  circumstances,  the  stronger  electric  current.  This  is  done  by 
inspection  of  the  electro-chemical  series  of  elements.  That  series,  how- 
ever, must  vary  with  the  temperature,  so  that  it  is  no  sure  guide. 

Ojfice  of  the  Water  in  the  Battery.— T\\q.  water  used  in  all  common 
batteries  serves  as  a  solvent  of  the  salt  formed  in  the  reaction.  When 
the  water  used  becomes  saturated  by  this  salt  the  current  stops,  and  it 
declines  in  power  as  the  solution  approaches  saturation. 

OJice  of  the  Metals  in  the  Battery.— Oi  the  two  metals  in  any 
battery  one  only  enters  into  the  reaction.  Zinc  has  generally  filled  that 
place  in  all  the  best-known  batteries,  because  it  is  nearer  the  negative 
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end  of  the  electro-chemical  series  than  any  other  common  and  conve- 
nicot  raetah  Potassiiini  or  sodium  would  be  the  beau  ideal  of  the  negative 
metal,  but  they  are  not  convenient  or  practicable.  Any  metal  or  con- 
ductor which  is  not  acted  on  by  the  fluid  in  which  it  is  immersed  may 
occupy  the  other  place  in  the  couple. 

All  modern  research  tends  toward  the  conclusion  that  the  different 
fonns  of  electricity  which  we  variously  distinguish  as  magnetism.,  Frank- 
Itnism^  gaivanism^  electro-magnetism,  are  but  expressions  of  one  force, 
which  force  is,  as  we  have  seen,  but  a  mode  of  motion  of  the  universal 
etber.  Very  recently  a  European  physicist  has  estimated  the  electro- 
motive force  of  Holtz's  machine,  and  has  expressed  it  in  a  mathematical 
form,  so  that  it  may  be  compared  with  the  ordinary  galvanic  batteries. 

In  the  present  chapter  we  shall  speak  of  the  form  of  electricity  thai 
is  generated  by  chemical  action — galvanism  or  voltaism.  Analogy  and 
experience  make  it  more  than  probable  that  all  chemical  action  whatso- 
ever is  attended  with  the  ei'oliition  of  electricity ;  and  reasoning  still 
further  we  may  believe  that  all  molecular  disturbance,  however  excited, 
must  give  rise  to  electrical  disturbance.  The  play  and  interplay  of 
electrical  phenomena  are  incessant  and  infinite  ;  electrical  force,  like 
light  and  gravity,  is  everywhere  being  generated  and  everj'where  acting. 
If  we  are  unable  to  detect  the  electricity  generated  by  chemical  action 
only  under  certain  conditions,  or  when  generated  in  comparatively 
large  quantities,  it  is  because  of  the  imperfections  of  our  knowledge  and 
the  want  of  sufficient  refinement  in  our  apparatus  for  collecting  and 
measuring  electricity. 

As  a  matter  of  experience  it  is  found  that  chemical  electricity  is  most 
conveniently  generated  by  the  reactions  that  take  place  between  two 
metals  and  some  acid  solution,  and  as  a  matter  of  convenience  and 
economy  zinc  is  the  metal  at  tl^e  expense  of  which  the  electrical  force 
is  evolved,  the  other  metals  acting  merely  as  conductors ;  but  the 
combinations  that  are  actually  employed  by  physicists  are  but  a  fraction 
of  those  that  are  possible  and  conceivable. 

Every  year  new  batteries  and  modifications  of  old  batteries  are  de 
vised,  but  all  of  them  are  based  on  the  general  principle  that  chemical 
action  of  any  sort  whatsoever  is  attended  by  the  evolution  of  electri- 

city. 

We  present  below  brief  descriptions  of  some  of  the  principal  batteries 
that  are  now  in  use.  All,  or  nearly  all  of  them,  in  their  original  shape, 
or  under  various  modifications,  are  used  in  electro-therapeutics.  We 
•hall  not  attempt  to  exhaust  the  list,  but  to  illustrate  tliose  that  are  best 
known,  most  useful,  and  are  most  thoroughly  representative.     Those 
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who  understand  the  principle  on  which  these  batteries  are  construct 
will  not  find  it  difficult  to  understand  any  new  modification  of  them  I 
may  arise. 

Here  let  us  interpose  the  remark,  that  the  time  and  energy  that 
devoted  to  the  study  of  the  chemistry  of  batteries  will  not  be  w 
time — will  indeed  be  spent  most  wisely — for  half  the  annoyances 
young  and  old  electro-therapeutists  comes  from  the  difficulty  of  keeping 
their  batteries  in  order.     This  difficulty  will  be  diminished  one-half  and 
more  when  we  really  understand  the  mechanism  of  batteries  and  the 
Laws  that  govern  their  action. 

Simpie  Galvanic  Circles. — In  the  formation  of  a  simple  galvanii 
circle  there  are  usually  metals  and  a  liquid. 

Fig.  1 1  constitutes  such  a  circle. 

CLet  C  and  Z  represent  respectively  plates 
fp^*"^  of  copper  and  zinc  introduced   into  dilute  j 

J      g^  acid,  and  connected  by  a  wire.     An  elcctri»fl 

^^■^^■^^  cal    disturbance   takes    place   over  all    th«^ 

I^^^^^HK  surface  of  the  zinc  covered   by  the  liquid. 

HTi^^^^^l  Positive  electricity  is  generated  at  the  zinc 

Hli^B^^^HB  clement,  and  flows  througli  the  liquid  to  the 

copper^  and  thus  a  constant  current  is  es> 
tablished  over  the  wires,  as  shown  by  the 
arrows. 

So  far  as  the  galvanic  action  is  concerned, 
it  matters  not  whether  the  plates  touch  each  other  or  are  connected  by 
wires,  as  in  the  figure.  A  current  is  formed,  whether  contact  is  made 
between  the  plates  either  above  or  below  the  liquid.  In  every  instance, 
however,  a  «>^«// must  be  formed,  around  which  the  electricity  may  flow. 
The  electricity  may  traverse  the  circuit  either  in  a  single  current  or 
in  a  number  of  partial  currents,  into  which  it  may  divide  itself  when 
the  plates  are  brought  in  contact  along  their  whole  surfaces.  When 
the  plates,  or  the  wires  which  connect  them,  are  in  contact,  the  circuit 
is  said  to  be  closed ;  when  they  are  separated,  it  is  said  to  be  broken^  or 
open.  The  electricity  is  generated  wholly  by  the  chemical  action  of 
the  acid  upon  the  zinc,  and,  other  things  being  equal,  the  quantity  of 
electricity  set  in  motion  will  be  proportional  to  the  extent  of  zinc  sur« 

•  face  exposed  to  the  acid. 
The  terms  EUctrey-positive  and  Electro-negative. — Both  in  simple 
and  compound  circles  the  electricity  always  moves  in  the  liquid  of  tha 
battery  from  the  zinc  to  the  copper ;  and  out  of  the  liquid,  from  the 
copper  to  the  zinc  This  should  be  remembered,  since  th«  zinc  U 
^ 
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talUd  the  cltcirO'posiiive  element^  aithangh  out  of  the  liquid  it  is  nega* 
Hot;  and,  consequently,  in  the  decomposition  that  occurs  in  the 
hattcry,  that  element  which  goes  to  the  zinc  pole  is  called  the  electro- 
positive clement,  being  attracted  by  its  opposite  force ;  while  the 
elcmeDt  going  to  the  copper  is  called,  for  the  same  reason,  the  electro- 
negative— a  current  from  two  liquids  and  one  metal. 

Two  liquids  and  one  metal  can  also  produce  a  circuit  as  well  as  one 
liquid  and  two  metals.  Bccquerel's  oxygen  battery  (pile  a  oxyg^ne)  is 
one  of  the  best  arrangements  of  this  kind.  The  current  is  produced  by 
the  action  of  caustic  potash  on  nitric  acid,  platimim  fomiing  the  con* 
ducting  arc 

HfimogfHtity  of  the  Galvanic  Circuit, — In  frictional  electricity  there 
are  points  which  form  the  seat  of  -f-  or  —  electricity.  On  the  con- 
trary, in  a  wire  where  a  galvanic  current  is  circulating,  there  are  no 
such  i^>oints.  It  has  no  power,  like  frictional  electricity,  lo  attract  or 
repel  objects.  The  wire  feels  and  behaves  no  differently  when  the 
carreot  is  passing  than  when  it  is  not.  The  wire  conducts  so  much 
belter  than  the  air  ihat  the  current  follows  it.  Its  force  is  the  same  at 
every  point,  in  the  battery  or  in  the  circuit.  Making  interruptions  in 
it  at  different  points,  and  sending  currents  through  solutions  of  siilphatc 
of  copper,  the  same  amount  of  copper  is  deposited  at  each  of  the 
places  where  the  interruption  is  made.  If  we  connect  the  several 
breaks  by  pieces  of  platinum  wire,  each  wire  will  be  heated  to  the 
same  temperature. 

In  shorty  the  magnetic-heating  and  chemical  and  other  effects  of  the 
rent  are  the  same  at  every  point  in  the  circuit. 
*lariiy  of  the  Circuit. — If  the  wire  in  which  the  current  runs  be 
at  or  broken  at  any  point  in  the  circuit,  the  current  ceases  to  flow — 
that  is»  ceases  to  be  dynamic,  but  at  the  t\»o  cut  ends  there  is  statical 
tUeirieity,  One  end  of  the  cut  wire  will  be  charged  with  +  and  the 
other  with  —  electricity.  The  amount  of  this  statical  electricity  will 
depend  on  the  original  strength  of  the  current  before  the  interruption 
iras  made. 

By  the  condensing  electroscope  it  can  be  shown  that  each  end  of 
the  cut  wire  is  c-harged  with  an  opposite  electricity,  and  the  amount  of 
this  can  be  estimated.  If  we  take  away  any  part  of  the  wire  entirely 
Croin  the  circuit,  the  piece  of  wire  taken  away  is  out  of  the  circuit  en- 
tirely ;  bot  if  the  ends  of  the  wires  at  each  point  of  interruption  be 
dipped  in  a  fluid  that  is  decomposed  by  the  current,  the  circuit  will  be 
again  completed,  and  it  will  be  found  that  the  part  of  the  wire  that  is 
taken  away  has  opposite  electricities  at  the  ends. 
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Similarly,  also,  the  solution  in  the  battery  and  the  metals  thcraselvd, 
like  the  connecting  wire,  are  +  at  one  end  and  —  at  the  other.  The 
circuit  throughout  consists  of  .-|-  following  —  and  —  following  +,  It 
appears  to  be  electrically  the  same  throughout, 

EUctrical  Relations  of  the  Elements. — In  the  galvanic  cell,  by  the 
deconiposilion  of  the  water,  oxygen  arises  at  the  positive  pole  and 
hyilrogcn  al  the  negative. 

The  mclats  assume  opposite  electricities,  the  linc  being  positive  and 
the  copper  negative. 

Since  electricities  that  attract  each  other  are  opposite  to  each  otheri 
the  suhRtanccs  that  are  liberated  at  the  positive  pole  are  called  eUctrth- 
ni£tiiV(t  and  the  sitbstances  liberated  at  the  negative  pole  are  called 
fisitive.  Thus,  in  the  decomposition  of  the  battery,  oxygen 
which  is  liberated  at  the  zinc  is  electro-negative,  while  hydrogen  which 
U  UlxTAlcd  at  the  copper  or  platinum  is  electro-positive. 

The  elements  have  been  arranged  as  to  their  electro-chemical  re- 
^  Utionn  when  associated  in  pairs  in  the  galvanic  cell.  According  to 
iy«i>nt  chcminlry,  atotns  are  arranged  in  two  classes,  according  to  their 

libukin^  power.  Positive  atoms  are  those  which  are  attracted  to  the 
kw  electrode  in  electrolysis,  and  whose  hydrates  are  bases. 
Atoms  are  those  that  are  attracted  to  the  positive  pole  in 
^)v^MA»t)<iiA,  and  whose  hydrates  are  acids.    The  electro-chemical  series 

\  |^v«<^utuU  below  : 


Electro-Chemical  Series, 


^'U^w  end 


Silicon. 

Zinc. 

Hydrogen. 

Manganese. 

Gold. 

Lanthanum. 

Osmium. 

Didymium. 

Iridium. 

Cerium. 

Platinum. 

Thorium. 

Rhodium. 

Zirconium. 

Ruthenium. 

Aluminum. 

Palladium. 

Erbium. 

Mercury. 

Yttrium. 

Silver. 

Glucinum. 

Copper. 

Magnesium. 

Uranium. 

Calcium- 

BUmuth. 

Strontium. 
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Tungsten. 

Tin. 

Barium. 

Boron. 

Indium. 

Lithium. 

Carbon, 

Lead. 

Sodium. 

Antimony. 

Cadroiura. 

Potassium. 

Tellurium. 

Thallium. 

Rubidium. 

Tantatum. 

Cobalt. 

Caesium. 

Columbiura. 

Nickel 

Positive  end  +• 

Titanium. 

Iron. 

Each  atom  of  any  of  the  substances  in  this  list  is  positive  to  any 
atom  of  any  substance  above  it,  and  negative  to  any  one  below  it 
These  distinctions  are  therefore  purely  relative. 

Thus,  for  example,  copper,  when  associated  in  a  galvanic  pair  in  the 
proper  fluid  with  any  one  of  the  elements  below  it,  generates  positive 
electricity  and  becomes  electro-positive,  but  when  associated  with  any 
one  of  the  elements  above  it,  becomes  electro-negative. 

The  more  electronegative  any  one  of  the  elements  in  this  scries  is 
to  a  given  element,  the  more  intense  will  be  the  current  generated 
when  they  are  united  in  a  galvanic  pair.  For  example,  the  current 
generated  by  zinc  and  copper  is  feebler  than  that  obtained  from  zinc 
and  platinum,  and  the  current  is  less  when  carbon  is  substituted  for 
the  platinum.  The  order  in  the  above  arrangement  is,  however,  by  no 
means  absolute.  The  relative  position  of  the  metals  depends  fre- 
quently on  the  liquid  in  which  they  are  immersed.  Thus  silver  is  — 
toward  lead  in  a  solution  of  dilute  sulphuric  acid,  while  in  a  solution 

[cyanide  of  potassium  it  is  -f  toward  it. 
imaJgamatioru — If  pure  zinc  is  immersed  in  dilute  sulphuric  acid 

I  change  is  manifest,  while  ordinary  commercial  zinc  is  quickly  dis- 
solved by  it  The  action  of  the  dilute  acid  or  zinc  is  due  to  the  im- 
purities of  iron  or  lead  which  it  contains-  These  impurities  are  electro- 
negative toward  zinc,  and  they  cause  heal  currents  of  electrieity. 
When  the  battery  is  closed,  these  local  currents  interfere  with  the 
action  that  produces  llie  main  current ;  when  the  current  is  open,  they 
may  still  keep  up  their  action,  as  is  evidenced  by  the  bubbling  up  of 
the  gases,  and  thus  the  zinc  may  be  in  time  destroyed. 

Now,  local  action  in  a  single  battery  cell,  arising  from  the  above 
cause,  not  only  consumes  the  power  of  that  member,  but  reduces  the 
energy  of  the  whole  series.  In  order  to  avoid  this  evil,  resulting  from 
local  action,  it  is  necessary  that  the  zinc  plates  be  amalgamated  with 
mercury.  The  amalgamated  surfaces  are  reduced  to  one  uniform 
dectrical  condition,  like  pure  sine,  and  will  remain  in  the  fluid  for  any 


length  of  time  unacted  on,  until  connected  with  the  electro-negativa 
clement. 

At  the  present  time  all  improved  batteries  are  constructed  with  amal* 
gamated  zinc 

■  How  to  amalgamate  Zinc. — To  amalgamate  zinc,  first  immerse  it  in  a 

■  solution  of  dilute  sulphuric  acid  of  almost  any  strength,  so  as  to  clean 
the  surface ;  then  dip  it  in  mercury,  or  pour  mercury  over  it,  and  rub 
it  on  with  a  brush  or  sponge  or  cloth.  The  mercury  will  spread  very 
rapidly  over  the  surface  of  the  zinc,  and  give  it  a  bright,  mercury-like 
appearance. 

The  art  of  amalgamating  zinc  is  of  great  practical  importance  to  the 
ekctro-therapeutist,  since  nearly  all  the  batteries  in  common  use  have 
tine  for  one  of  the  metals.  Amalgamated  zinc  was  first  used  for  gal- 
vanic batteries  by  Kemp,  in  1826. 

Chemical  Action  the  Origin  of  the  Current. — ^\^len  the  electrically 
opposite  metals — zinc  and  platinum,  for  example — are  dipped  in  acido" 
lated  water  and  united  at  their  ends,  either  directly  or  by  a  wire,  the 
zinc  has  so  strong  an  attraction  for  the  oxygen  of  the  water  that  it  unites 
with  it  and  forms  the  oxide  of  zinc.  This  oxide  of  zinc  combines  with 
the  sulphuric  acid  and  forms  sulphate  of  zinc.  The  hydrogen  of  the 
water  escapes  tn  the  form  of  gas  at  the  platinum.  The  result  of  thit 
chemical  action  is  a  current  of  electricity.  The  zinc  (the  electro- 
negative element)  dissolves,  and  the  quantity  of  electricity  generated 
is  proportioned  exactly  to  the  quantity  of  zinc  dissolved. 

It  had  been  supposed  by  Volta  and  his  followers  that  simple  contact 
of  the  metals  was  all  that  was  necessary  to  excite  the  current ;  but 
Faraday  showed,  by  two  very  beautiful  experiments,  that  mere  contact 
was  not  sufficient — that  there  must  be  chemical  action  in  tlie  cell  in 
order  to  obtain  a  current,  ll  is  possible  that  all  chemical  actions  are 
attended  with  the  generation  of  electricity  ;  but  only  under  certain  con- 

»ditions,  or  when  the  amount  is  considerable,  are  wc  able  to  detect  it 
In  xvhatway  does  Chemical  Action  generate  the  Current  i — In  science 
it  often  happens  that  the  simplest  and  easiest  questions  are  the  hardest 
to  answer.  Just  how  the  current  is  excited  by  chemical  action  we  do 
not  fully  know.  We  know  that  when  the  different  metals  touch  eadi 
other,  the  positive  electricity  will  go  to  one  metal  and  the  negative  to 
the  other.  This  disturbance,  however,  is  only  momentary,  and  equiii- 
bnum  is  at  once  restored,  and  no  current  continues. 

■  Now  we  may  regard  the  atoms  of  oxygen  and  hydrogen  that  make 
P  up  a  molecule  of  water  as  charged  with  opposite  electricities,  like  two 

different  metals.    \VheD  xinc  and  platinum  are  dipped  in  water,  th« 
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positively  charged  atom  will  turn  toward  one  metal  and  the  negative 
toward  the  other ;  but  as  long  as  the  metals  do  not  touch  each  other 
the  equilibrium  is  at  once  restored,  and  there  is  no  current  The  free 
ends  of  the  metals  are  in  a  state  of  electric  tension,  and  are  capable 
of  discharging  themselves  into  a  condenser  or  Leyden  jar.  When  the 
metals  are  made  to  touch  each  other^  or  are  connected  by  wires,  they  are 
relieved  of  their  charge,  and  again  become  charged  ;  then  again  relieve 
themselves,  and  so  on  indefinitely.  There  is  no  equilibrium  established, 
but  a  constant  effort  to  establish  it,  which  never  succeeds.  This  con- 
stant effort  to  establish  an  equilibrium  keeps  up  the  current. 

EUciricity  a  Mode  of  Motion. — AUhougli,  for  llie  sake  of  conve- 
nience, we  speak  of  electricity  as  a  current  flowing  in  certain  direc- 
tions, after  the  manner  of  a  river,  yet,  as  we  have  already  said,  we 
should  not  thereby  be  led  into  the  error  of  supposing  that  the  elec- 
tricity is  a  real  fluid  flowing  through  different  substances,  or  from  one 
substance  to  another. 

Electricity  is  a  disturbance  propagated  in  the  Molecules  of  a  body, 
and  at  the  same  time  in  the  Ether  pervading  that  body. — The  theory  that 
light  was  caused  by  the  emission  of  particles  from  the  sun  was  aban- 
doned long  ago  ;  and  now  the  theory  that  light  consists  of  undulations 
Qf  ether  is  considered  to  be  as  impregnable  as  the  theory  of  gravitation. 
Similarly  we  may  believe  that  electricity  consists  of  movements  of  a 
different  kind  from  those  of  light,  but  which  is  variously  modified  in  its 
manifestations  by  the  substances  through  which  it  circulates. 

The  impulse  or  movement  that  constitutes  what  we  call  the  current 
may  be  regarded  as  simply  a  mode  of  motion. 

Polarity  of  Electricity. — Polar Uy,  ox  properties  in  opposite  directions., 
b  not  peculiar  to  electricity.  Light  and  heat  may  also  be  polarized, 
and  chemical  attractions  and  repulsions  are  likewise  manifestations  of 
the  polar  qualities  of  atoms.  We  may  gather  a  definite  idea  of  the 
nature  of  electricity  and  the  character  of  the  so-called  "current"  by  the 
following  illustradon  :  Let  a  tube  be  filled  with  balls,  all  of  which  are 
attracted  to  each  other.     If  the  first  ball  is  turned  round  on  its  centre, 

will  turn  in  a  similar  way  the  next  ball,  and  so  on  through  the  whole 

'  :s.  There  is  here  no  progress  of  a  material  current,  but  simply  a 
mclion. 

If  the  motion  is  rapidly  repeated  through  the  attempt  of  electricity  to 
find  an  equilibrium,  we  have  what  we  call  an  electrical  cm  rent. 

Electrieiiy  convertible  into  tlu  other  Great  Forces. — We  sec  in  this 
section  on  electro-physics  many  illustrations  of  the  transformation  of 
force  into  another.     If  we  start  with  heat,  we  find  that  it  pro- 
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duces  electricity,   and  through  electricity  produces  chemical  actia 

magnetism,  and  light.  If  we  start  with  magnetism,  we  find  that  H 
produces  electricity,  and  through  electricity  heat,  chemical  action,  and 
light.  If  we  start  with  chemical  action,  we  find  that  it  produces  heal, 
light,  and  electricity.  If  we  start  with  electricity,  we  find  that  it 
duces  magnetism,  heat,  Hght,  chemical  action,  and  motion. 

Conversion  of  Electricity  into  Heat.  The  Electric  Light. — By  i 
law  of  the  correlation  of  forces  the  electricity  generated  in  a  1 
may  be  converted  into  heat.  This  heat  may  remain  in  the  bat; 
be  transferred  to  any  part  of  the  circuit.  In  order  to  convert  the  eleo 
tricity  into  heat  it  must  pass  through  some  poor  conductor  that  resists 
its  passage,  and  thus  compels  it  to  appear  as  heat.  With  ordinarr 
thick  copper  wire  there  is  but  little  sensible  heat  in  the  passage  of  \ 
current,  because  copper  wire  is  a  good  conductor ;  but  when  platinum 
wire,  which  is  a  poor  conductor,  is  used,  it  is  raised  under  a  strong 
current  to  white-heat.     This  has  been  utilized  in  galvano-cautery. 

In  the  electric  light  the  heat  is  transferred  to  carbon  points  mterposed 
in  the  circuit  Particles  of  carbon  become  incandescent,  and  are  volatil' 
ized  and  transported  from  the  positive  to  the  negative  pole.  A  metal 
'  or  other  substance  may  give  an  electric  light,  but  carbon,  on  account  of 
its  friability,  gives  a  better  and  stronger  light  than  any  other  substance. 
The  electric  light  was  invented  by  Sir  Humphry  Davy  in  1813. 

Compound  Galvanic  Circles, — The  compound  galvanic  circle,  or  galx 
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vakflc  battery,  is  composed  of  two  or  more  simple  galvanic  circles. 

arc  so  connected  together  that  the  copper  of  one  battery  is  joined  to 

I  the  line  of  the  next,  and  so  on  throughout  the  series.     By  combining 

together  a  number  of  cups,  such  as  are  represented  in  Fig.  12,  we  for 
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an  excellent  compound  circuit  Each  cup  contains  a  zinc  and  a  copper 
plate,  which  are  connected  together  as  described  above.  By  exajuining 
this  arrangement,  it  will  be  seen  that  one  extreme  of  the  series  is  coj>- 
per  and  the  other  nnc.  If  these  two  extremes  or  poles  are  connected 
by  a  copper  wire,  the  current  will  flow  in  the  direction  of  the  arrows, 
both  through  the  series  and  over  the  wires. 

Derivtd^  or  Portia/,  or  Branch  Currents. —When  a  current  in  its 
passage  through  any  conductor  meets  with  different  qualities  of  resist- 
ance, it  subdivides  into  various  branch  currents.  In  Fig.  13  the  cur- 
rent goes  from  the  elements  through  the  wire  f,  g,  p^  n,m;  but  if  a 
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second  wire,  «,  x,  g  be  interposed,  the  current  will  divide  at  g^  n, 
part  going  by  way  of  g  and  part  around  through  jr,  n.  The  divided 
currents  which  go  through  the  wires  are  called  derived  or  partial  cur- 
rents. If,  instead  of  one  or  two  wires,  a  large  number  were  interposed, 
the  current  would  subdivide  itself  as  many  times  as  there  were  wires, 
part  going  through  each  wire. 

In  thus  dividing  into  derived  or  partial  currents,  two  laws  arc 
obeyed : 

I  St  TAf  sttm  of  the  strength  of  the  divided  turreni  is  efual  to  the 
strength  of  the  principal  current  If  (in  the  figure)  the  strength  of  the 
current  g,  /,  n  is  40,  and  g,  x,  n  is  60,  then  the  strength  of  the  prin- 
cipal current  in  r,  g^  before  division,  is  100. 

ad.  The  strength  of  the  currents  in  the  divided  parts  is  inversely 
as  the  resistance  in  those  parts.  This  law  supplements  the  first.  Re- 
sistance is  directly  as  the  length  and  inversely  as  the  diameter. 

If  the  derived  wires  are  of  the  same  length  and  diameter  as  the  prin- 
cipal wire,  then  the  current  will  divide  into  equal  parts  between  them. 
If  the  derived  wires  arc  of  the  same  length  as  the  principal  wire,  but 
of  unequal  diameters,  the  current  will  divide  unequally,  according  to 
the  diameter  of  each  wire.  The  law  may  be  illustrated  by  thinking  of 
the  course  that  rivers  pursue  when  they  arc  subdivided  or  split  up  into 
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deltas.     The  quantity  of  water  that  flows  through  all  the  subdivisions 
or  deltas  would  be  equal  to  the  quantity  that  flowed  through  the  main 
stream  before  the  divisions  took  place.     If  the  subdivisions  are  of  dif- 
ferent sizes,  the  deepest  and  widest  will  convey 
the  most  water. 

When  electricity  passes  through  the  human 
body  it  encounters  tissues  that  differ  considerably 
in  their  conductivity,  and  hence  it  subdivides  into 
an  infinite  number  of  derived  or  partial  currents, 
the  strength  of  which  varies  with  the  nature  and 
length  of  the  tissues.  This  point  will  be  further 
illustrated  in  electro-physiology  and  electro-thera- 
peutics. 

Vtscription  of  Galvanic  Batteries. — Under  this 
head  may  properly  be  included,  first,  a  description 
of  the  voltaic  pile,  which  was  constructed  by  Volt* 
in  1799,  and  became  known  in  England  in  iSoow 
The  apparatus  consists  of  a  number  of  disks  piled 
one  above  the  other.  The  arrangement  is  in  the 
following  order :  A  disk  of  copper  is  placed  on  a 
frame  of  wood ;  a  disk  of  cloth,  moistened  by 
acidulated  water,  is  then  placed  on  the  copper, 
and  then  a  disk  of  zinc  on  the  cloth  completes 
what  is  called  the  voltaic  couple.  A  series  of 
such  couples  constitutes  a  voltaic  pile — the  ler* 
minal  copper  being  the  positive  and  the  terminal 
zinc  the  negative  pole. 
This  apparatus  is  inconstant  and  unreliable,  easily  corrodes,  has 
many  inconveniences,  and  is  now  but  little  used.  Various  modifications 
of  the  voltaic  pile  have  been  devised,  but  all  of  them  are  too  inconstant 
for  electro-therapeutical  purposes,  or  indeed  for  any  sustained  use 
whatsoever. 

Polarization  in  Batteries. — When  two  metals,  as  zinc  and  platinum, 
are  placed  in  acidulated  water,  the  platinum  plate  becomes  covered 
with  a  film  of  hydrogen.  This  hydrogen  is  electro-positive,  like  zinc, 
and  so  when  the  platinum  becomes  well  covered  we  have  electroposi'" 
tive  rinc  opposed  to  electro-positive  hydrogen,  and  thus  the  current  bc» 
comes  enfeebled,  if  not  destroyed.  This  polaiization  in  batteries  is  pre- 
vented in  two  ways : 

ist  By  keeping  the  liquids  in  constant  agitation.     Blowing  into  the 
liquid  with  a  bellows,  or  stirring  the  liquid  by  any  mechanical  arrange' 
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ment,  keeps  the  surface  of  the  platinum  or  carbon  free  from  hydrogen, 
and  thus  prevents  the  weakening  of  the  current 

Dr.  B>Tnc  in  his  galvano-cautery  battery  (to  be  described  in  the  sec* 
tion  on  Electro-surgery),  has  availed  himself  of  this  depolarizing  power 
of  mechanical  agitation,  and  has  thus  succeeded  in  obtaining  a  great  and 
enduring  quantity  of  electricity  from  a  comparatively  small  surface. 

On  the  same  principle  we  explain  the  fact  that  lifting  the  metals  out 
of  the  liquid  for  a  moment  or  two  at  once  increases  (he  strength  of  the 
current.  \Vhile  in  action,  the  hydrogen  accumulates  on  the  platinum ; 
by  removing  the  metals  from  the  liquid  an  instant,  the  hydrogen  escapes 
aod  the  battery  is  as  good  as  ever, 

2d.  By  the  use  of  two  liquids-  The  cells  of  Gro\-e,  Daniells,  and 
Bunsen,  to  be  hereafter  explained,  are  constructed  so  as  to  avoid  polari> 
ration  of  the  metals. 

Polarisation  of  Electrodes  and  Currents  of  Polarization.- — The  elec- 
trodes that  convey  the  current  through  acidulated  water  also  become 
polarized 

Oxygen  covers  the  positive  and  hydrogen  the  negative  electrode. 
Hydrogen  being  electropositive,  and  oxygen  electro-negative,  tliese 
two  gases  act  like  two  metals,  and  if  the  current  of  the  battery  be  bro- 
ken and  the  two  films  of  oxygen  and  hydrogen  are  connected  metalli- 
cally, an  electric  current  is  obtained,  just  as  a  current  is  obtained 
between  zinc  and  platinum.  In  the  liquid  the  current  flows  from  the 
film  of  hydrogen  to  the  film  of  oxygen.  Two  electrodes  covered  in 
Ibis  way  with  films  of  gas  are  called  polarized^  and  the  currents  gene- 
rated by  these  are  called  the  currents  of  polarization.  These  currents 
of  polarization  are  always  in  a  direction  opposite  to  the  main  current, 
and  tend  to  interfere  with  and  weaken  it  This  polarization  of  the 
electrodes  takes  place  more  or  less  in  all  applications  of  the  galvanic 
current.  One  evidence  of  this  is  the  discoloration  of  the  electrodes 
that  are  employed  in  electrization  after  long  use.  To  meet  this  difficulty 
unpolarisable  electrodes  have  been  devised.  These  will  be  described 
under  Electro-therapeutics. 

Setondary  Piles  and  Gas- Batteries, — If  a  series  of  plates  of  plati- 
mini,  with  moistened  cloths  between  them,  be  connected  with  the  poles 
of  a.  battery,  the  gases  (oxygen  and  hydrogen)  resulting  from  the  decom- 
position of  the  water  accumulate  in  films  on  the  platinum.  If  now  the 
series  be  separated  from  the  battery,  it  will  itself,  through  the  action 
between  these  films  of  gases,  generate  a  current.  A  pile  thus  formed 
is  called  a  seconilary  pile.  It  was  discovered  by  Ritter.  The  gas- 
battery  of  Giove  is  constructed  on  the  same  principle.     The  gases  are 
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collected  in  glass  tubes,  oxygen  in  one  and  hydrogen  in  the  other,  and 

in  each  tube  is  fastened  a  platinum  electrode.  The  tubes  are  inverted 
over  sulphuric  acid.  When  the  electrodes  are  connected  with  a  gal- 
vanometer a  current  is  indicated,  the  direction  of  which  is  from  oxygen 
to  hydrogen. 

There  are  two  general  varieties  of  batteries,  double  and  single  celL 
Double-cell  Constant  Batteries, — The  current  produced  by  elements 
with  a  single  liquid  becomes  rapidly  enfeebled,  because  of  the  polariza- 
tion.      This   polarization   is   prevented  in  the   double-cell    batteries 
of  Daniell,  Grove,  and  Bunsen,  by  placing  the   electro-negative  de- 
ment in  a  liquid  that  is  acted  upon  chemically 
by  the  deposited  hydrogen.     Currents  from 
these  two-cell  batteries  are  called  constant^ 
because  they  do  not  weaken  so  rapidly  as 
currents  from  single-cell  batteries,  and  the 
metals  can  be  allowed  to  stand  all  the  time 
in  the  solution. 

The  term  constant  is  now  applied  to  the 
galvanic  current,  however  generated,  as 
distinguished  from  the  induced  or  faradic 
current. 

Darnell's  Battery. — Fig.  15  represents  a 
single  cell.  V  is  a  glass  or  porcelain  vessel 
nearly  filled  with  a  saturated  solution  of 
sulphate  of  copper.  C  is  a  cylinder  of  cop- 
per, open  at  both  ends  and  perforated  by  a  number  of  holes.  G, 
which  is  also  perforated  by  holes,  is  an  annular  shelf  at  the  upper  por- 
tion of  the  zinc  cylinder,  upon  which  crystals  of  suli)hate  of  copper  may 
be  placed  to  supply  the  waste  in  the  cell  caused  by  the  electrical  action. 
P  is  a  thin  porous  vessel  of  unglazed  earthenware,  containing  the 
amalgamated  cylinder  of  zinc  Z,  and  a  solution  either  of  common  salt 
or  dilute  sulphuric  acid.  The  elements  are  connected  in  series  by 
strips  of  copper,  /  and  n^  which  are  fixed  to  the  copper  and  zinc  by 
means  of  binding-screws.  When  the  circuit  in  the  battery  just  de- 
scribed is  closed,  an  atom  of  zinc  replaces  and  liberates  from  the  nitric 
tcid  two  atoms  of  hydrogen,  thus  producing  sulphate  of  zinc.  The 
liberated  Iiydrogen  replaces  one  atom  of  copper  in  the  sulphate  of 
copper,  which  by  electrolytic  action  is  deposited  on  the  copper  element, 
or  sometimes  on  the  porous  cup.  Polarization  is  the  resistance  to  the 
passage  of  the  current  produced  by  a  deposit  (such  as  hydrogen)  on 
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either  of  the  elements.  No  such  deposit  occurs  in  this  battery,  hence 
the  current  is  constant. 

Order  of  the  parts  in  Darnell's  sulphate  of  copper  battery :  ist,  zinc ; 
ad,  sulphuric  acid;  3d,  porous  cup;  4th,  sulphate  of  copper;  5th, 
copper. 

Eeaciion. 
2n  +  H.  SO^  +  Cu  SO,  =  Zn  SO,  +  H,  SO,  +  Cu 

The  current  obtained  from  this  battery  will  flow  with  undiminished 
strength  for  hours,  and,  in  fact,  is  superior  to  all  its  fellows  in  con- 
stancy. Daniell's  battery  was  invented  in  1836.  The  modifications 
of  Daniell's  battery  are  quite  numerous ;  among  them  we  may  men- 
tion those  of  Hill,  Siemens-Halske,  and  Muirhead. 

Groves  Battery. — ^This  battery  differs  from  Daniell's  mainly  in  the 
substitution  of  a  nitric-acid  for  a  sulphate-of-copper  solution,  and  pla- 
tinum for  copper,  by  which  increased  electro-motive  force  is  obtained. 
In  Fig.  16,  A  represents  a  glass  vessel  containing  dilute  sulphuric  acid, 
Z  a  cylinder  of  zinc  open  at  both  ends,  and  V  a  porous  pipe-clay  vessel 
partially  filled  with  nitric  acid-  P  is  a  plate  of  platinum,  with  a  cover, 
C,  which  rests  on  the  porous  vessel  when  the  platinum  is  immersed  in 
the  nitric-acid  solution  ;  b  and  a  are  binding-screws,  which  connect  re- 
spectively with  the  platinum  and  zinc 

In  this  arrangement  a  double  reaction  occurs  between  the  zinc,  sul- 
phuric acid  and  nitric  acid,  giving  as  a  result,  sulphate  of  zinc,  water  and 
nitrogen  dioxide,  which  is  disengaged,  and  by  contact  with  the  air  be- 
comes nitrogen  tetroxide.  The  reaction  in  Grove's  nitric-acid  battery 
b  as  follows:  ist,  zinc;  2d,  sulphuric  acid;  3d,  porous  cup;  4th,  nitric 
acid ;  5th,  platinum. 

Zn,  -I-  (H^O,),  -H  (HNO3).  =  (Zn  SO,),  +  N.O.  +  (H.  O),  . 

ilso  N,  O.  4-  O,  =  N,  O,  by  contact  with  the  atmosphere.  Force 
just  be  lost  by  the  evolution  of  these  nitrous  fumes.  Profl  Wolcott 
Gibbs,  of  Cambridge,  has  discovered  that  a  small  quantity  of  bichromate 
of  potash  in  the  nitric-acid  cup  of  Grove's  battery  acts  as  a  deodorizer 
by  taking  up  the  disagreeable  nitrous  acid  fumes.  Thus  one  of  the 
most  serious  objections  to  the  use  of  this  battery  is  removed. 
Grove's  battery  was  invented  in  1839.     It  is  very  powerful,  and  is 
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much  used  in  telegraphy.     It  has  also  been  employed  in  galvaao* 
cautery. 

-5-     a^ 


mtyi 


Fic  xfiu 


Bunseris  Double-cell  Nitric  Acid  Battery. — This  batterj'  is  very 
similar  to  Grove's.  It  differs  from  it  only  in  the  substitution  of  carbon 
for  platinum.  The  letter  P  in  Fig.  1 7  represents  a  single  element,  as 
it  appears  when  ready  for  use. 


Fic.  17. 


F  is  a  vessel  of  glass  containing  dilute  sulphuric  acid.  Z,  a  cylinder 
of  amalgamated  zinc.  V,  a  porous  vessel  partly  filled  with  ordinary 
nitric  acid  ;  and  C,  a  bar  of  carbon  or  coke.  The  zinc  is  first  placed 
in  the  vessel  F,  after  which  the  porous  vessel  V,  into  the  nitric-acid 
solution  of  which  the  carbon  C  has  been  immersed,  is  inserted  into  the 
zinc  cylinder.  The  binding-screws  m  and  n  are  respectively  the  jjosi- 
tive  and  negative  poles.     The  elements  are  arranged  in  the  form  of  a 
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compound  battery,  by  means  of  the  clamp  m  n,  and  a  rod  connecting 

the  carbon  of  one  cell  with  the  zinc  of  the  following. 

^u  ft  sen's  Bichromate  Battery.— In  tliis  battery  a  solution  of  bichro- 

mate  of  potash— on^  part  to  twelve  parts  of  water — is  placed  in  the 

porous  cup. 

The  order  of  the  parts  in  Bunsen's  Bichromate  Battery  is  as  follows : 
I  St,  zinc  J  id,  sulphuric  acid  ;  3d,  porous  cup  \  4th,  sulph.  acid  and 

bichromate  of  potash ;  5th,  carbon. 

Reaction. 

Zn,  +  (H.  SO,),  -H  K,  Cr.  O,  +  (H.  SO,), 

=  (Zn  SO,)3  +  K,  Cr.  (SO,),  +  (H.  O), 

Chrome-alum^  sulphate  of  zine^  and  water ^  are  the  products.  The  office 
of  the  porous  cup  is  to  keep  the  bichromate  of  potash  from  the  surface 
of  the  zinc,  and  thus  more  uniformity  and  constancy  of  action  is  attained. 

While  the  action  of  Bunsen's  battery  is  the  most  energetic  of  all  the 
constant  batteries,  and  while  the  first  cost  is  less  than  Grove's,  it  is  yet 
more  expensive  to  work  and  more  inconvenient  to  manipulate.  Bun- 
sen's  battery  was  invented  in  1843. 

Walker's  Sin^i^le-cell  Zinc-carbon  Battery. — In  this  battery  carbon 
is  substituted  for  the  platinum  of  the  Smee  batter}',  and  the  solution 
used  is  composed  of  bichromate  of  potash,  sulphuric  acid,  and  water, 
the  same  as  in  Bunsen's  battery.  The  carbon  is  usually  the  pressed 
and  baked  graphite  of  the  gas-works.  There  is  considerable  differ- 
ence in  the  quality  of  the  carbon  as  sold  in  the  market ;  the  more 
thoroughly  it  is  pressed  and  baked,  the  better  it  will  be.  Carbons  that 
are  poorly  prepared,  or  that  contain  impurities,  easily  become  soaked 
with  fluid  and  the  salts  of  the  solutions,  and  also  generate  local  currents 
that  interfere  with  the  main  current.  Sometimes  the  carbons  are 
platinized,  that  is,  covered  with  finely-divided  platinum,  as  is  the  silver 
in  the  Smee  battery.  The  proportion  of  the  solution  used  in  Walker's 
battery  is  as  follows  : 

Sulphuric  acid. 

Bichromate  of  potash,  22 §1. 

Water 5  xij. 

The  reaction  is  the  same  as  in  Bunsen's  Bichromate  Battery  just  de- 
scribed. 

To  prepare  this  mixture,  add  the  sulphuric  acid  to  the  water,  and 
when  this  is  cool^  add  the  bichromate  of  potash  well  pulverised.  Do 
DOt  immerse  the  elements  in  the  fluid  until  it  is  perfectly  cool^  for  when 


hot  the  fluid  saturates  the  carbons  and  removes  the  amalgam  from 
dDC,  and  thus  injures  very  seriously  the  working  power  of  the  bati 
The  proportions  of  sulphuric  acid  and  bichromate  of  potash  above  gi 
i«ay  be  varied  more  or  less  as  may  be  desired.  Mathematical  accu- 
racy is  not  required.  If,  however,  the  solution  is  excessively  strong, 
if  the  proportion  of  bichromate  of  potash  and  sulphuric  acid  is  too 
great,  say  two  or  three  times  what  is  here  given,  the  battery  will  wear 
away  very  rapidly  and  a  greenish-black  deposit  will  be  found  in  the 
bottom  of  the  cells.  This  deposit,  which  sometimes  fomis  very  hard, 
and  is  difficult  to  remove  without  breaking  the  glasses,  is  the  chrome- 
alum,  and  is  a  result  of  the  decomposition  of  the  salts  and  acids  that 
takes  place  while  the  battery  is  in  action.  Like  the  Sraee  battery,  the 
zinc-carbon  battery  will  need  to  be  occasionally  amalgamated,  but,  un- 
like the  Smee  battery,  it  does  not  require  any  mercury  in  each  cell,  and 
the  presence  of  mercury  will  give  rise  to  local  action.  We  speak  thitl 
particularly  of  the  simple  zinc-carbon  battery,  because  it  is  one  very 
widely  used  in  electro- therapeutics,  and  it  is  important  that  its  manage- 
ment should  be  well  understood.  The  galvanic  batteries  of  Stohrer,  of 
the  Galvano-faradic  Manufacturing  Company,  and  of  Kidder,  are  mostly 
of  single-cell  zinc-carbon  elements.  The  zinc-carbon  batter)',  like 
Smee'sw  to  be  hereafter  described,  is  not  constant.  If  the  metals  are  kept 
long  immersed  in  the  solution,  the  power  rapidly  goes  down.  It  is 
necessary,  therefore,  to  keep  the  metals  out  of  the  solution^  except  when 
the  battery  is  in  use.  In  this  respect  the  battery  differs  very  much  from 
the  batteries  of  Grove,  Bunsen,  and  Lechanch^,  where  the  metals  are 
never  removed  from  the  solution  except  to  be  cleaned  and  repaired. 

Stne^s  Battery. — This  battery,  invented  in  1840,  is  very  economical, 
convenient,  and  easy  to  manage,  and  on  that  account  has  been  con- 
siderably employed  in  electro-magnetic  apparatus.  It  consists  of  a 
plate  of  corrugated  platimun,  or  silver  covered  with  fineiy-divided  plati- 
num, between  the  two  plates  of  zinc,  in  a  solution  of  sulphuric  acid  and 
water  (one  part  to  ten  or  twelve). 

The  order  of  the  parts  in  Smee's  Sulphuric  Acid  Battery  is  as  follows : 

ist,  zinc  J  2d,  sulphuric  acid;  3d,  platinum. 

Reaction. 
Zn  +  H.  SO,  =  Zn  SO,  +  H, 


•  It  is  well  known  tliat  when  sulphuric  acid  and  water  are  mixed,  the  solution  be- 
comes vwj  hot.  The  explanation  of  this  is,  that  in  mixing,  the  atoms  of  the  w.itcr  are 
attracted  to  tlie  atoms  of  the  sulphuric  acid  ;  in  other  words,  ntork  is  done.  The  vol- 
ume  it  diminished  8  per  cent.,  and  the  heat  that  appears  is  a  result  of  the  work  thus 
performed. 
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The  chemical  action  of  this  battery  is  more  rapid  than  that  of  the  sul 
phate  of  copper  battery,  because  platinum  is  more  positive  than  copper, 
whose  place  it  occupies  in  the  sxilphate  of  copper  battery.  The  dis- 
engagement of  the  hydrogen  is  effected  by  mechanical  means,  but  there 
must  be  a  large  loss  of  force  in  changing  hydrogen  to  a  gaseous  state, 
precisely  as  force  is  lost  in  changing  water  to  steam. 

The  object  of  corrugating  the  platinum  plate,  or  making  it  into  folds 
or  furrows,  is  to  give  greater  surface.  The  object  in  covering  it  with 
finely-divided  platinum  is  to  roughen  the  surface  so  tliat  the  hydrogen 
will  not  adhere.  It  is  customary  in  using  the  battery  to  keep  about 
half  a  tablespoonful  of  mercury  in  the  bottom  of  the  cup,  in  order  that 
the  zincs  may  be  all  the  lime  well  amalgamated.  Care  should  be  taken, 
in  the  preparation  of  this  battery,  to  prevent 
the  mercury  from  collecting  on  the  platinum 
plate.  If  by  any  carelessness  it  does  get 
on  the  platinum  plate,  it  will  turn  it  to  the 
color  of  mercury,  and  will  weaken  or  destroy 
the  foice  of  die  battery.  In  this  battery 
more  or  less  action  goes  on  even  when  the 
connections  are  not  made  ;  this  is  evidenced 
by  the  formation  of  sulphate  of  zinc  at  the  top 
of  the  metals  after  they  have  been  long  im- 
mersed. It  is  therefore  an  advantage  in  using 
the  battery  to  keep  the  elements  out  of  the  so- 
lution when  not  needed.  If  kept  constantly 
immersed,  like  Daniell's  battery,  it  very  soon 
loses  its  power  and  becomes  thoroughly  incnisted  with  sulphate  of  zinc. 

Ltckanche  s  Battery. — During  the  past  few  years,  this  battery  has 
attracted  great  attention  in  Europe,  both  among  telegraphists  and  elec- 
tro-therapeutists. The  great  advantage  that  is  claimed  for  it,  where  it 
ts  not  used  too  long  at  a  time,  is  that  it  is  far  more  constant  than  any 
other  battery  yet  invented.  The  battery  was  devised  by  Lechanch^,  a 
Frenchman,  in  1868,  and  bears  his  name.  A  Lcchanch6  cell  consists 
of,  I  St,  a  cylinder  of  zinc  in  a  concentrated  solution  of  chloride  of  am- 
monium ;  ad,  a  rod  of  carbon,  packed  with  powdered  carbon  and  na- 
tive peroxide  of  manganese  in  a  porous  cell.  The  whole  is  closed  with 
a  cover.  The  chemical  changes  that  take  place  in  a  Lechanch^  bat- 
toy  are  these  :  Chloride  of  ammonium  is  decomposed,  chlorine  com- 
ig  with  the  zinc,  hydrogen  being  absorbed  by  the  oxygen  of  the 
xide  of  manganese,  and  ammonia  being  liberated.  The  ammonia 
is  absorbed  by  the  water,  but  in  process  of  time  the  water  becomes 
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Mturttcd,   then  the  ammonia  escapes  through  the   opening   In   the] 
coyer. 

Th«  chemical  formula  is  as  follows  : 

Zn  +  (CI  NHJ,  +  (Mn  O.),  =  Zn  CI.  +  H.  O  +  (NH,).  f  Mn.  i 

Lechanch^'s  battery  was  first  arranged  for  electro-therapeutics  b> 
Caiff<6,  an  instrument-maker  of  Paris.  It  has  been  modified  by  Tripier, 
the  well-known  French  electro-therapeutist,  by  Keyser  and  Schmidt, 
of  Berlin,  and  a  portable  form  has  been  devised  by  Beetz,  of  Munich. 
Lechancht's  battery  has  one  great  advantage  and  some  disadvantages. 
Its  advantage  lies  in  its  power  of  endurance.  If  not  overworked  it 
will  stand  for  months  and  years,  and  yet  retain  sufficient  power  to  be 
quite  useful  in  electro-therapeutics.  This  is  not  true  of  any  other 
battery;  even  Daniell's,  the  most  constant  of  all,  and  as  variously 
modified,  requires  replenishing  or  cleaning  every  few  months,  else  tt 
goes  down  to  nothing. 

Its  disadvantages  are  these  : 

I  St.  It  rapidly /(?/ar/3(rj,  and  so  generates  a  secondary  current  that 
weakens  the  main  current.  This  polarization  only  takes  place  when 
the  battery  is  in  action ;  if,  therefore,  the  battery  is  but  little  used,  or 
only  occasionally,  this  disadvantage  does  not  appear. 

2d.  The  free  ammonJa  that  escapes  after  the  water  becomes  satu- 
rated is  annoying. 

On  account  of  these  disadvantages,  Lechanche's  battery  has  not  been 
as  popular  among  telegraphers  as  was  at  one  time  expected  it  would  be 
Among  European  electro  therapeutists,  however,  it  is  considerably  used. 
It  is  sometimes  employed  in  electro-magnetic  or  induction  machines, 

Callan's  Iron-sine  Battery. — In  this  battery  the  positive  plate  is 
jtinc  in  dilute  sulphuric  acid ;  the  negative  plate  is  iron  in  strong 
nitric  acid.  The  great  practical  difficulty  with  this  battery  is,  that 
under  certain  conditions  it  may  suddenly  and  rapidly  evolve  nitrous 
fumes.  This  complaint  has  been  made  even  by  those  who  have  adopted 
this  form  of  battery  in  electro-surgical  practice.  The  common  explana- 
tion that  the  phenomena  displayed  by  this  battery  are  due  to  the  pas- 
sivity of  iron,  is  not  in  accordance  with  the  more  recent  doctrines  of 
|ihyucs.  Tins  fact  is  a  serious  objection  to  the  use  of  these  batteries 
In  electro- therapeutics.  They  have  been  employed,  however,  for  the 
pun>o&e  of  galvano-cautery. 

WoUaston't  Zine-copper  Battery. — This  form  of  battery,  devised  by 
WollAitoo  in  1801,  is  now  pretty  well  displaced  by  modern  improve 
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ments.     It  consists  of  a  copper  vessel,  enclosing  a  solurion  of  sulphate 

of  copper,  a  zinc  plate,  or  a  sheet  of  copper  folded  over  a  piece  of 

j:inc,  so  as  to  have  bothfa^ts  of  the  zinc  exposed  to  chemical  action, 

and  so  increase  the  quantity  of  electricity.     The  two  objections  to  the 

baliery  are,  that  it  is  not  constant,  and  the  metals  must  be  kept  out  of 

the  solution  except  when  in  actual  use,  and  that  the  zinc  becomes 

I  rapidly  corroded  with  a  deposition  that  weakens  the  force  of  the  bat- 

I  teiy.     This  deposition  must  be  constantly  cleared  and  scraped  off,  if 

I  we  would  keep  up  the  strength  of  the  current. 

The  order  of  the  parts  in  the  sulphate  of  copper  battery,  single  cell, 
is  as  follows :  ist,  rinc j  2d,  sulphate  of  copper;  3d,  copper. 

Reaction. 
Zn  +  Cu  SO^  ^  Zn  So^  -f  Cu 

In  this  battery  any  local  action  on  the  zinc  will  deposit  metallic 
Icopper  in  the  form  of  a  black  powder  upon  the  zinc,  or  an  oxide  of 
[copper,  which  forms  a  covering  on  the  surface  of  the  zinc. 

For  this  reason  the  zinc  must  be  amalgamated  or  else  frequently 

I  tleaned.     Sulphate  of  copper  must  be  frequently  added,  so  that  the 

[battery  shall  be  charged  with  a  saturated  solution  of  that  salt ;  but  care 

must  be  taken  that  the  solution  of  sulphate  of  zinc  does  not  approach 

\  saturation. 

The  necessity  of  frequently  cleaning  and  scraping  the  zinc  in  this 
I  battery  is  a  most  serious  disadvantage,  and  on  that  account  mainly  it  is 
'not  to  be  recommended  to  the  electro- therapeutist. 

Water  Battery. — If  a  large  number  of  cylinders  of  zinc  and  copper 
[be  immersed  in  water  in  glass  jars,  and  are  properly  protected  from 
I  Bgjit  and  dust,  a  current  of  electricity  will  be  produced.  A  battery 
[of  130  pairs  causes  the  gold  leaves  of  the  electroscope  to  diverge,  and 
i  1,200  pairs  gives  a  strong  shock.  A  battery  of  2,000  or  3,000  pairs  is 
very  powerful.  Batteries  of  this  kind  have  been  constructed  by  Crosse, 
,2<foad,  and  Gassiot 

These  water  batteries  will  keep  their  power  for  years,  provided  water 

supplied  to  them  to  make  up  for  the  loss  from  evaporation.     They 

cc  up  a  large  space,  and,  on  account  of  the  great  resistance  of  the 

T,  give  but  a  small  quantity  of  electricity.     For  these  two  reasons 

fiey  offer  no  advantage  for  medical  use. 

Marine  Battery. — A  sea-water  or  marine  battery  has  been  constructed 

Duchemin,  of  France.     A  cylinder  of  carbon  and  zinc,  attached 

put  into  the  sea,  and  connected  with  the  shore  by  con* 
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ducting  wires.  As  the  ocean  furnishes  the  exciting  fluid,  it  needs  no 
replenishirg.  It  was  hoped  that  a  battery  of  this  kind  might  be  of 
suflicient  strength  to  furnish  an  electric  light  for  light-houses.  Thk 
hope,  so  far  as  we  know,  has  not  been  realized. 

Dry  Pile. — Dry  piles  have,  instead  of  liquids,  some  solid  hygrometric 
substances,  as  paper  or  leather.  There  are  many  varieties  of  diy 
piles.  Tliose  of  Zamboni,  which  are  best  known,  are  composed  of 
tin  or  silver  and  binoxide  of  manganese.  A  piece  of  paper  is  tinned 
or  silvered  on  one  side,  and  the  other  side  is  covered  with  powdered 
binoxide  of  manganese.  These  sheets  are  cut  into  disks,  about  one 
inch  in  diameter,  and  arranged  so  that  tlie  tin  or  silver  of  each  disk  is 
in  contact  with  the  manganese  of  the  next  in  the  series.  A  Zamboni 
pile  of  200  couples  is  very  feeble  and  slow  in  its  action,  but  it  can 
charge  a  Leyden  jar,  and  it  is  quite  permanent. 

Itistrtimcttts  for  Measuring  Electricity. — The  instruments  for  mea- 
suring electricity  are  quite  numerous,  and  some  of  them  arc  very 
delicate.  It  is  necessary  here  to  describe  only  a  sufficient  number  to 
illustrate  the  principles  involved 

The  Voltameter. — The  voltameter  is  an  instrument  devised  by  Fara- 
day to  measure  the  strength  of  the  galvanic  current.  It  is  a  graduated 
tube  that  receives  and  accurately  measures  the  quantity  of  gas  that  is 
generated  by  the  decomposition  of  water  by  the  current  in  a  given 
time. 

In  Fig.  19  the  platinum  needles  connected  with  the  poles  of  the  bat- 
tery are  inserted  through  the  cork,  at  the  end  of  the  tube.  The  gases 
that  result  from  the  electrolysis  rise  to  the  top,  as  the  tube  is  held  up- 
right, and  repel  the  water  through  a  hole  in  the  cork. 
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This  is  a  very  trustworthy  method  of  measuring  currents  and  of 
comparing  batteries.  If  we  wish  to  ascertain  how  one  battery  com- 
pares with  another  in  strength,  or  whether  a  battery  has  weakened  by 
use  or  long  standing,  or  whether  the  strength  is  sufficient  for  a  power- 
ful electrolytic  operation,  the  voltameter  will  give  us  precisely  the  infor- 
mation we  seek. 

Galvanometers. — A  galvanometer  is  an  instrument  for  indicating  the 
presence  and  direction  of  a  current,  and  for  measuring  its  strength. 
There  are  several  varieties  of  galvanometers,  but  all  are  constructed  on 
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the  same  general  principle— a  magnet  freely  hung  so  as  to  be  deflected  bj 
the  passage  of  a  current  through  a  coil  of  insulated  wire.  Galvanom 
eters  with  a  long  coil— sometimes  called  ^'tension*'  galvanometers- 
are  used  to  measure  circuits  oi  large  resistance.  Galvanometers  with  a 
short  coil— sometimes  called  «*  quantity  "  galvanometers— are  used  to 
measure  circuits  of  small  resistance.  The  explanation  of  this  difference 
will  appear  in  the  chapter  on  Ohm's  Law. 
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Astatic  Galvanometer. — This  form  of  galvanometer  is  used  either  to 
detect  the  simple  presence  of  a  current,  or  to  measure  the  strength  of  a 
weak  current.  Let  A  and  B,  Fig.  20,  represent  two  needles  of  about 
equal  strength,  having  the  same  axis,  and  having  their  poles  reversed 
in  reference  to  each  other.  The  needles  will  settle  a  very  little  in  the 
meridian,  from  the  fact  that  one  of  them  is  very  slightly  more  highly 
magnetized  than  the  other. 

C  is  an  insulated  wire,  bent  around  the  lower  needle  several  times- 
Wlicn  a  current  is  passed  through  this  wire,  the  needles  will  be  influ- 
enced to  turn  in  the  same  direction.  In  this  way  the  passage  of  the 
most  feeble  current  may  be  detected.  In  connection  with  a  thermo- 
electric pile,  this  instrument  is  capable  of  indicating  a  change  of  tem- 
perature of  only  a  very  small  fi-action  of  a  degree.  Galvanometers 
which  have  a  long  resistance  coil,  and  in  which  a  branch  resistance  coil, 
or  "  shunt,"  as  it  is  called,  is  interposed,  may  be  used  to  measure 
strong  currents  (see  chapter  on  Ohm's  Law),  and  are  therefore  con- 
venient in  comparing  batteries.  A  galvanometer  of  this  kind  that  we 
employ  will  be  described  under  electro-therapeutics. 

Thomson's  Reflecting  Galvanometer. — Six  William  Thomson  has  done 
much  to  advance  the  science  of  electrology  by  the  construction  of 
his  reflecting  or  mirror  galvanometer,  which  will  indicate  the  presence 
of  very  slight  currents.  This  instrument  consists  of  the  coils  of  a  gal- 
vanometer, between  which  are  suspended,  by  a  single  silk  fibre,  a 
mirror  and  magnet,  which,  when  it  moves  under  the  intluencc  of  a  cur- 
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rtnt,  is  reflectei  through  a  lens  on  a  graduated  scaU  placed  at  a  little 
distance  in  front  of  it.  A  lamp  is  placed  behind  the  screen,  which 
contains  a  slit,  through  which  the  light  passes  to  the  mirror,  from 
which  it  is  reflected  back  on  the  graduated  scale.  When  the  magnet 
is  deflected  by  the  passage  of  a  current  through  the  coil,  the  image 
moves  to  the  right  or  left  along  the  scale,  the  angle  made  by  the  re- 
tlecled  image  being  twice  the  angle  through  which  the  mirror  and 
magnet  are  deflected.  A  very  small  ddfiection  of  the  magnet prO' 
duces  a  very  great  displacement  of  the  reflected  image  on  the  screen^  and 
thus  a  very  slight  current  can  be  detected. 

This  instrument,  as  that  of  Wiedinann,  of  Germany,  is  much  used 
in  delicate  electro-physiological  researches. 

Rheostates :  Instruments  for  Measuring  Resistance. — The  rheostat, 
an  instrument  invented  by  Wlieatstone,  \yas  originally  designed  lo 
ascertain  the  relative  amount  of  resistance  of  different  conductors.  In 
electro-therapeutics  it  is  employed  to  interpose  resistances  in  the  circuit, 
etc,  so  as  to  delicately  modify  the  strength  of  the  current  within  small 
fractions  of  the  strength  of  an  element. 

In  electro-physiological  investigations,  as  also  in  certain  branches  of 
electro-therapeutics — particularly  in  applications  to  the  ear — rheostates 
have  been  used.  The  form  employed  by  Brenner  and  others,  and  also 
the  water-rheostat,  will  be  described  in  electro  therapeutics. 

Early  History  of  Galvanism. — In  the  year  1786,  while  Galvani,  Pro- 
fessor at  Bologna,  was  experimenting  with  an  old-fashioned  electrical 
machine  that  lay  near  a  dish  of  frogs  that  had  been  prepared,  it  is 
stated,  for  his  sick  wife,  he  noticed  that  the  frogs  Jumped  whenever  a 
spark  was  drawn  from  the  conductor  of  the  machine.  On  observing 
this,  it  occurred  to  hiui  that  perhaps  he  had  found  a  means  of  detect- 
ing atmospheric  electricity  more  delicate  than  he  had  previously  em- 
ployed. In  order  to  test  this,  Galvani  took  the  dish  of  frogs,  and,  with 
his  neighbor  Caraillo,  went  out  on  the  terrace  of  his  house.*  It  was 
ft  dear  evening  in  the  early  part  of  September,  and  no  marked  elec- 
tric phenomena  were  apparent  in  the  air.  Fixing  an  iron  hook  in  the 
■pine  of  each  frog,  he  suspended  it  from  the  iron  railing. 

Behold  spontaneous  movements  appeared  in  the  frogs,  various  in 
thtir  character  and  quite  frequent ! 

That  moment  was  the  birth  of  the  science  of  Galvanism.  At  once 
Ihero  flaihcd  on  the  mind  of  Galvani  the  query.  What  causes  these  cffn» 


*  At  No.  96.  In  Strado  S.  Felice,  Bologna,  the  boiur  where  Gftlvani  lived,  witll 
tMt*c«  ind  riiUni.'S  l»  uUl  shown  to  traveUera. 
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tractions  f  There  were  no  electric  disturbances  in  the  air  ;  the  electric 
machine  was  far  away  in<ide  the  house.  Could  there  be  electricity  in  the 
frogs  themselves  ?  In  the  history  of  science  it  often  happens  that  a 
theory  partly  false  guides  us  into  facts  that  are  wholly  true.  Thus  it 
happened  to  Galvani. 

From  that  moment  until  he  died,  he  lived  in  an  atmosphere  of  ex- 
perirnent.  Frogs  without  number  were  slaughtered,  and  all  for  the 
purpose  of  proving  to  himself  and  others  that  it  was  animal  electricity 
tha.t  caused  these  contractions. 

Galvani's  researches,  as  soon  as  they  were  made  public,  in  1791,  ex« 


X' 


cited  great  interest  among  scientific  men,  and  inspired  him  to  make 
another  attempt  to  master  the  mysteries  of  electricity.  At  the  time 
when  Galvani  made  his  discovery,  the  interest  excited  by  the  discovery 
of  the  Leyden  jar  and  Franklin's  kite,  about  forty  years  ])rcviously, 
had  died  out  I'hilosophers  had  followed  the  vein  thus  opened,  about 
as  far  as  it  seemed  to  lead.  They  supposed  that  the  battles  of  elec- 
tricity were  all  fought  our,  and  so  they  were  laying  aside  their  armor. 
On  the  announcement  of  Galvani's  discovery,  his  experiments  were  re- 
peated all  over  Europe,  and  the  theory  that  the  contractions  of  the  mus- 
cles of  the  frog  were  due  to  animal  electricity  was  universally  adopted. 
Volta's  Researches  :  The  Theory  of  Contact  and  Chemical  Action.-^ 
Among  those  who  were  stimulated  by  the  discovery  of  Galvani,  was 
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Volta,  Professor  of  Physics  in  Pavia,  Italy,  who  had  already  been  lo 
distinguished  as  an  electrical  experimenter,  and  who,  in  the  knowle 
of  this  special  branchy  was  far  superior  to  Galvani. 

At  first  Volta  accepted  Galvani's  theory  of  anitnai  electricity^  ' 
subsequent  research  caused  him  to  doubt  its  truth.     He  observed  thi 
it  was  only  by  means  of  heterogeneous  metals  that  muscular  conlractioB 
could  invariably  be  produced,  and  hence  he  denied  the  existence 
animal  electricity,  explaining  the  phenomenon  of  muscular  conttactic 
through  the  intluencc  of  the  artificial  electricity  excited  by  a  heterog 
neous  metallic  combinaHon.* 

Galvani  then  not  onl)  demonstrated  that  contractions  could  readily" 
be  caused  by  exactly  homogeneous  metals,  but  that  the  phenomenoa 
was  produced  by  the  simple  contact  of  nerve  and  muscle.    His  manns 
of  experimenting  was  as  follows :  The  leg  of  a  frog,  denuded  of  its  skin 
had  its  sciatic  nerves  cut  at  their  exit  from  the  vertebral  column, 
nerves  thus  denuded  were  taken  gently  up  by  some  non-conductor  ; 
made  to  touch  one  of  the  muscles,  when  the  leg  would  immedialel| 
become  convulsed.     Volta  endeavored  to  prove  that  the  concussxA 
caused  by  the  contact  of  ncr>'e  and  muscle  was  the  cause  of  the  elect 
current  thus  produced  ;  but  Galvani  conclusively  demonstrated  that  sue 
could  not  be  the  case,  by  placing  a  non  conductor  between  the  two  i 
sues,  when  no  action  could  be  excited  in  the  leg.     He  went  furthe 
and  at  last  succeeded  in  producing  muscular  contractions  when  only  i 
nerves  of  non-prepared  legs  were  brought  in  contact. 

The  discovery  of  the  Voltaic  pile,  which  excited  great  interest  in* 
men  of  science,  seemed  to  decide  the   battle  for  Volta,  and  all  the 
efforts  of  Galvani  to  convince  philosophers  of  the  existence  of  animal 
electricity  were  in  vain.  Galvani's  first  observations  on  frogs  dates  back 
as  far  is  1780.     He  first  published  his  researches  in  1791. 

Volta  did  not  undertaker  the  investigation  of  the  subject  until  1792, 
the  year  following  the  publication  of  the  rese.arches  of  Galvani.  And 
yet  Volta  has  almost  equal  claim  to  be  the  founder  of  the  science  of 
galvanism  ;  for  while  Galvani  discovered  the  new  manifestation  of 
electricity,  he  failed  to  comprehend  its  true  value,  while  Volta,  by  the 
discovery  of  the  pile  which  bears  his  name,  demonstrated  what  Galvani 
would  never  believe,  but  which  Prof.  Fabroni,  of  Florence,  had  in  1791 
suggested,  that  chemical  action  was  the  source  of  the  electricity  in  Gal- 
vani's experiments. 


•  Th«  theory  Ihjit  th«  experimcm  of  Gidvam  could  be  explained  by  chemicd  Mtioa 
WM  first  suggested  by  Prof.  Fftbroni,  of  Florence,  in  179a. 
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Thus  Volta  made  the  scieoce  of  Galvanism  or  Voltaism  a  possi- 
biltty. 

Terminology  cf  Dynamical  Eleciricity. — The  terms  galvanism  and 
voltaism  are  both  employed  to  define  electricity  generated  by  chemiciJ 
action.  Among  physicists  of  recent  times  the  preference  is  given  to 
Volta,  and  the  terms  voltaism,  voltaic  eUctruity^  eUciro-voltai^  battery, 
are  faking  the  place  of  galvanism,  galvanic  electricity,  and  electro^al- 
{jnuiic  battery  that  were  formerly  employed,  and  which  among  the  people 
we  yet  the  most  familiar.  The  grounds  for  thus  giving  the  preference 
to  Volta  are  these  : 

First  He  was  a  more  profound  and  philosophical  observer  than 
Galvani,  although  he  did  not  make  the  experiments  with  the  frog  until 
his  attention  had  been  called  to  the  experiments  of  Galvani  Yet  for 
thirty  years,  from  the  age  of  eighteen,  he  had  been  studying  the  phe- 
nomena of  electricity.  He  was  an  excellent  physicist,  and  had  invented 
the  eUctrcphorus  and  eUctrical  condauer. 

Secondly.  He^ame  nearer  than  Galvani  to  the  true  interpretation 
of  the  phenomenon  of  the  convulsions  in  the  frog.  His  contact  theory, 
which  so  long  guided  the  scientific  world,  though  now  known  to  be 
only  a  t>axtial  truth,  was  yet  a  great  step  in  advance  of  Galvani  It  ia 
now  known  that  both  contact  between  dissimilar  substances  and  chemi- 
cal  action  are  necessary  to  generate  the  current* 

Thirdly.  He  invented  the  pile  which  bears  his  name,  and  thus  pre- 
pared the  way  for  the  numerous  electro-chemical  batteries  now  in  use, 
and  in  tict  for  the  whole  science  of  Voltaism  or  Galvanism,  wlili  all  its 
inaziy  practical  applications.  But  for  Volta  the  science  of  galvanism 
iD^t  never  have  existed.  Volta  during  his  lifetime  was  far  more  hon- 
ofied  dun  Galvani.  He  was  called  to  Paris  by  Napoleon,  invited  to 
perform  his  experiments,  and  was  invested  with  titles  and  emolu- 
ments ;  while  Galvani  died  unhonored,  neglected,  and  comparatively 
obscure. 

Although  for  these  three  reasons  physidsts  have  consciously  or  un- 
coosdously  been  led  to  give  Volta  the  preference  over  Galvani  in  their 
nocnenclaturc,  there  are  yet  two  opposing  reasons  that  will  probably 
make  it  impossible  to  carry  this  preference  into  the  domain  of  electro* 
atics. 

tst.  Galraofs  experiments  really  gave  the  impulse  to  those  invesd- 
gatioos  that  led  to  the  discovery  of  animal  eUctrieUy^  the  study  of  which 
has  become  to  naposiant  a  feature  of  electro-physiology. 

2d.  The  tenw  galvanise  and  galvanization  have  become  permanently 
inoorporated  into  the  nomenclature  of  electro-physiology  and  thera 
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peutics.  No  physiologist  or  electro-therapeutist  thinks  of  using  the  terms 
voltaize,  voltaization,  and  it  would  be  useless  to  attempt  to  compel 
them  to  adopt  them. 

For  the  sake,  therefore,  of  clearness  and  consistency  we  shall, 
throughout  this  work,  in  all  the  departments,  rigidly  adhere  to  the 
nomenclature  derived  from  GalvanL 


CHAPTER  IV. 


BLECTROLYStS   (ELECTRO-CHEMISTRY). 


Electrolysis,  Jerived  from  ^Xticrpov  and  Xwo,  through  Awns,  disen- 
gaging, is  the  act  or  process  of  decomposing  a  compound  substance  by 
electricity. 

Electro-chemical  decomposirion  takes  place  at  both  poles,  but  with 
different  products  and  manifestations,  according  to  the  strength  of  the 
current,  the  nature  of  the  substances  acted  upon,  and  the  material  of 
which  the  electrodes  are  composed. 

History  of  Electrolysis. — The  chemical  effects  of  statical  electricity 
were  first  investigated  by  Drs.  Priestley  and  Cavendish,  in  x  784,  The 
decomposition  of  water  by  passing  through  it  a  succession  of  discharges 
of  statical  electricity  was  first  discovered,  in  1789,  by  Messrs.  Dieman, 
Paetz,  Van  Troostwyck,  and  Cuthbertson.  The  power  of  the  galvanic 
current  to  decompose  water  was  discovered  and  first  described  by 
Messrs.  Nicholson  and  Carlisle,  in  iSoo.  They  experimented  with  the 
voltaic  pile,  which  had  then  just  been  discovered.  These  experiments 
ers  also  decomposed  other  substances  by  the  galvanic  current.  On 
Nov.  20,  1806,  Sir  Humphry  Davy  presented  to  the  Royal  Society  a 
lecture  "  On  some  Chemical  Agencies  of  Electricity,"  and  in  the  fol- 
lowing year  he  announced  his  discovery  of  the  decomposition  of  the 
fixed  alkalies.  Between  1831  and  1840  F'araday  published  his  '*^  Ex- 
perimental Researches  in  Electricity*'  in  one  of  the  most  remarkable 
series  of  scientific  essays  that  ever  proceeded  from  the  pen  of  man. 

Terminology  of  Electrolysis. — With  the  aid  of  two  friends,  Faraday 
prepared  the  following  terminology  of  electrolysis,  which  is  now  gener- 
ally  adopted.     The  poles  where  the  electricity  passes  in  and  out  of  tlie 

dy  that  is  undergoing  decomposition  are  called  electrodes  (i7A«icTpof, 

Dd  6So«,  way).     The  surface  where  the  current  enters  the  decompos- 

"Itjg  body  is  called  the  anode  (ora,  upward,  and  oSds,  way) ;  the  surface 

where  the  current  leaves  the  decomposing  body  is  called  the  caihodt 

(koto,  downward,  and  o8d«,  way).      The  anode  is  in  contact  with  the 

positive  pole  and  the  cathode  with  the  negative. 


54 


ELECTRO-PHYSICS. 


IVaclically,  anode  is  used  as  synonymous  with  posirive  pole,  and 
cathode  with  negative,  although,  strictly  speaking,  anode  and  cathode 
refer  to  the  points  of  the  decomposing  body^  and  positive  and  negative 
to  the  pcies  of  the  battery  that  are  in  contact  with  these. 

Compound  substances  that  are  dicectly  decomposable  by  the  current 
we  called  electrolytes  {^XiKrpov^  and  Xwd,  decompose).  To  electrolyze 
a  body  is  to  chemically  decompose  it  by  the  current.  The  act  of  pro- 
ducing electrolysis  is  called  electrolyzation. 

The  elements  of  an  electrolyte  are  tenned  ions,  (cZ^k,  participle  of 
the  verb  J/u,  to  go).  Those  ions  that  appear  at  the  anode  are  termed 
vnions,  those  which  appear  at  the  cathode  are  termed  cations.  For- 
merly anions  were  termed  electronegative,  and  cations  the  electro-posi- 
tive elements  of  the  compound.  Water,  for  example,  is  an  electrolyte 
that  evolves  two  ions — oxygen  and  hydrogen  ;  oxygen  goes  to  the 
anode  and  is  the  anion  \  hydrogen  goes  to  the  cathode  and  is  the 
cation. 

No  substance  can  be  an  electrolyte  which  is  not  a  conductor  ;  but 
tn  the  readiness  with  which  they  are  deconjposed  substances  widely 
vary.  Every  electrolyte  must  contain  more  or  less  of  water.  Pure 
water,  though  an  electrolyte,  is  yet  decomposed  only  with  great  diffi- 
culty ;  but  by  adding  to  it  a  little  sulphuric  acid,  or  certain  salts,  it  verj' 
easily  undergoes  electrolysis.  It  is  furthermore  believed  that  no  fluid 
can  be  a  conductor  without  also  being  an  electrolyte;  that  is,  more  or 
less  electro-chemical  decomposition  must  take  place  when  the  galvanic 
current  passes  through  any  fluid.  Substances  that  are  found  to  be  ready 
electrolytes  arc  chloride  of  sodium,  muriatic  acid,  and  iodide  of  potas- 
sium. 

Laws  of  Electrolysis. — Although  electrolysis,  like  all  other  phe- 
nomena connected  with  atomic  changes,  is  but  imperfectly  understood, 
yet  some  of  the  general  laws  of  its  operation  have  been  already  well 
ascert.ained. 

Among  the  more  important  of  these  laws  the  following  may  be  ena- 
meratcd  : 

X.  Definite  Electro-chemical  Action.— \\  has  been  found  that  when 
leveral  substances  are  simultaneously  decomposed  by  the  current,  the 
elements  that  arc  evolved  arc  definite  in  quantity  and  are  electro- 
chemical equivalents  of  each  other.  This  law,  which  was  discovered  by 
I'araday,  may  be  thus  illustrated.  Let  the  current  be  sent  successively 
through  a  scries  of  cells  filled  with  oxide  of  lead,  chioride  of  lead,  and 
chloride  of  silver.  The  different  substances  would  combine  in  the  fol- 
lowing proportions : 
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At  the  PoaittTe  Pole. 

Water. 8  grs.  oxygen. 

Oxide  of  lead 8 

Chloride  of  lead. . .     35.5  grs.  chlorine. 
Iodide  of  lead. ....    127  grs.  iodine. 
Chloride  of  silver. .     35.5  grs.  chlorine. 


ss 


At  the  N^;atire  Polfe 
I  gr.  hydrogen. 
113.5  grs.  lead. 

1035       *• 
108  grs.  silver. 


These  numbers,  it  will  be  seen,  represent  the  combining  proportions 
of  these  substances. 

Substances  combine  in  equivalent  proportions  ;  they  are  decomposed 
in  the  same  equivalent  proportions. 

2.  Primary  and  Secondary  Results, — ^The  results  of  electrolytic  action 
are  distmguished  as  primary  and  secondary.  The  results  are  called  pri-^ 
mnry  when  the  elements  that  are  decomposed  appear  at  the  electrodes 
unchanged  and  uncombined  ;  the  results  are  called  secondary  when 
the  elements  that  are  decomposed  are  changed  or  recombined  when  they 
appear  at  the  electrodes.  The  secondary  results  are  favored  by  the 
nascent  condition  of  the  elements  that  are  decomposed.  The  secondary 
results  are  caused  by  the  action  of  the  decomposed  elements  on  the  sub- 
stance of  the  electrode,  or  on  the  substance  itself  that  is  undergoing 
decomposition.  Even  the  decomposition  of  water,  when  diluted  with  sul- 
phuric acid,  is  really  a  secondar)'  result.  Perfectly  pure  distilled  water 
does  not  perceptibly  decompose  even  under  quite  a  strong  current.  If  a 
few  drops  of  sulphuric  gases  are  added,  the  acids  are  freely  disengaged. 
The  sulphuric  acid  H^O,  is  disengaged  by  the  current  into  H,  at  the 
negative  and  SO^  at  the  positive  pole  ;  the  former  H,  is  liberated, 
and  the  latter  SO^  at  the  positive  pole  acts  on  the  water  and  forms 
sulphuric  acid  again.  Secondary  decomposition  is  modified  by  the 
material  of  which  each  electrode  is  composed.  Thus  in  decomposing 
sulphuric  acid,  when  the  positive  electrode  is  made  of  carbon,  the  oxy- 
gen decomposed  acts  on  the  carbon,  forming  carbonic  acid  and  carbonic 
oxide.  Klectro-chemical  action  continued  for  weeks,  months,  and  years, 
as  was  done  by  that  ver>^  laborious  experimenter,  Mr.  Crosse,  of  Broom- 
6eld»  may  produce  as  secondary  results  interesting  minerals,  such  as 
quartz,  arragonite,  malachite.  During  these  experiments  in  electro- 
crystallization  Mr.  Crosse  discovered  that  remarkable  insect,  the 
tuarus,  which  appeared  in  electrized  solutions  of  sulphate  of  iron, 
sulphate  of  zinc,  and  nitrate  and  sulphate  of  copper.  It  was  supposed 
that  the  acari  arose  from  ox-a  deposited  by  insects  floating  in  the  at- 
mospbere,  and  that  they  might  possibly  be  hatched  by  electric  action. 
As  a  reward  for  this  discover)',  which  now  seems  to  be  almost  forgotten, 
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Mr.  Crosse  was  subjected  to  absurd  and  outrageous  abuse,  as  thougb 
he  were  infringing  on  the  prerogatives  of  the  Creator.  Mr  Weekcs,  of 
Sandwich,  in  Kent,  subsequently  repeated  tlie  experiments  of  Crosse  by 
passing  electrical  currents  through  silicate  of  potash  in  glass  receivers 
over  mercury.  All  possible  care  was  taken  to  keep  out  foreign  matter. 
After  a  constant  action  of  a  year,  insects  appeared,  entirely  similar  to 
those  obtained  by  Mr.  Crosse.  The  metallic  deposits  in  electro -metal- 
lizing are  the  secondary  results  of  the  electro-chemical  decomposition. 
Water  is  electrolyzed,  hydrogen  is  disengaged  at  the  cathode,  and  oxy- 
gen at  the  anode;  but  the  hydrogen  reacts  on  the  metallic  solution, 
combines  with  its  oxygen,  and  frees  th&  metal.  The  oxygen  also  com- 
bines with  an  element  at  the  anode.  In  the  section  on  Electro-Suigery 
it  will  be  found  that  the  secondary  decomposition  is  utilized  in  the  selec- 
tion of  the  material  used  for  needles  in  galvano-puncture. 

3.  The  Difftrential  Action  of  the  Poles. — Different  elements  go  to  the 
anode  and  the  cathode,  according  to  the  nature  of  the  substance  de- 
composed and  the  material  of  which  the  electrode  is  made. 

Ptatinum-wit'e  makes  the  best  electrode  for  electrolytic  experiments 
on  various  substances,  because  platinum  is  not  acted  on.  Copper  and 
silver  wire  may  be  used,  but  the  secondary  action  which  they  cause 
greatly  complicates  the  experiment 

To  distinguish  the  precise  character  of  the  changes  that  take  place  in 
the  electrolysis  of  many  substances  is  frequently  difficult,  and  sometimes 
impossible.  It  is  difficult  to  decide  whether  any  of  the  elements  of  the 
electrolyte,  besides  water,  undergo  decomposition ;  and  wliether  the 
changes  are  of  a  primary  or  secondary  character. 

Among  the  substances  that  are  most  readily  decomposed  by  the  elec- 
tric current  are  the  following  : 

Iodide  of  Potassium. — This  decomposes  under  a  very  feeble  current, 
the  iodide  and  oxygen  going  to  the  positive  and  the  hydrogen  and  al- 
kali to  the  negative.  Thus  the  decomposition  of  iodide  of  potassiua» 
by  electricity  affords  a  very  good  means  of  distinguishing  the  poles. 
The  brown  color  of  the  iodine  always  appears  at  the  positive  pole.  The 
whole  solution  soon  presents  the  color  of  iodine. 

Chloride  of  Sodium. — A  solution  of  common  salt  decomposes  quite 
readily,  chlorine  appearing  at  the  positive  and  hydrogen  and  oxide  ^ 
sodium  at  the  negative  f>ole.  If  the  positive  needle  is  platinum,  the 
odor  of  chlorine  is  at  once  detected  ;  if  it  is  of  copper,  the  chlorine 
unites  with  the  copper,  nraking  the  solution  turbid. 

Acetate  of  Lead. — This  salt  in  solution  decomposes  with  comparative 
slownois  by  secondary  action,  peroxide  of  lead  appearing  at  the  post 
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dvc  pole»  and  hanging  from  it  in  light  threads  or  masses.  The  water 
[  frequently  decomposes  before  the  lead  yields  at  all. 

Nobilis  Iris-Rings. — It  is  by  the  electrolysis  of  lead  that  the  beau- 
tiful iris-rings  are  produced.  A  polished  steel  plate  is  put  in  a  dilute 
solution  of  acetate  of  lead.  The  steel  plate  is  connected  with  the 
positive  pole  of  a  galvanic  battery,  while  a  wire,  connected  with  the 
negative  pole,  is  put  in  the  solution.  Peroxide  of  lead  is  at  once  libe- 
rated on  the  steel  beneath  the  wire,  and  a  film  extends  outward,  but 
growing  thinner  and  thinner.  Thus  a  series  of  concentric  circles  is 
formed  exhibiting  bright  iris  colors. 

Nitric  Acid. — Strong  nitric  acid  conducts  well  and  decomposes,  oxy- 
gen appearing  at  the  positive  pole,  nitrous  acid  and  nitric  oxyd  at  the 
negative  pole.    Dissolution  takes  place,  and  the  water  becomes  yellow. 

Nitrate  of  Potash. — This  is  a  good  conductor,  and  yields  secondary 
results. 

Sulphurous  Acid. — This,  when  diluted,  yields  oxygen  at  the  positive 
pole,  and  hydrogen  and  sulphur  at  the  negative. 

Sulphuric  .»4n</.— This  yields  sulphur  at  the  negative  pole,  and  pio- 
duces  secondar}'  results. 

Muriatic  Acid. — A  strong  solution  of  this  yields  hydrogen  at  the 
negarive  pole,  and  chlorine  at  the  positive  pole. 

EUctro-metallurgy. — Electro-metallurgy,  or  the  art  of  precipitating 
metals  from  their  solutions  by  the  galvanic  current,  is  a  result  of  the 
discovery  of  electrolysis — is  indeeti  itself  simply  an  electrolytic  pro- 
cess. There  are  two  divisions  of  this  art — elecirotyping  and  electro- 
plating. The  art  of  electro  metallurgy  was  discovered,  independently, 
by  Spencer,  in  England,  and  Jacobi,  in  Petersburg,  in  1837.  Electro- 
gilding  was  discovered  by  Brugnatelli,  a  pupil  of  Volta,  but  was  first 
used  by  M.  de  la  Rive. 

Theory  of  Electrolysis. — The  theory  of  electrolysis  at  present  accepted 
is  the  following :  In  every  compound  one  of  the  elements  is  electro- 
positive, the  other,  electro  negative.  Under  the  influence  of  the 
opposing  electricities  from  the  electrodes,  decomposition  and  recompo. 
sition  go  on  from  one  pole  to  the  other.  But  tliese  decompositions  and 
recompositions  are  seen  only  at  the  electrodes. 

This  may  be  illustrated  by  the  electrolysis  of  water.  Water  is  com- 
posed of  one  atom  of  oxygen  and  two  atoms  of  hydrogen.  Oxygen  is 
electronegative  and  hydrogen  is  electro-positive. 

When,  now,  the  electrodes  are  dipped  in  water,  the  electro-negative 
oxygen  of  the  molecule  a  {Fig.  22)  is  attracted  to  the  positive  pole,  and 
the  electro  negative  hydrogen  is  repelled. 
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The  oxygen  is  then  given  off  at  the  positive  pole,  while  the  libe 
hydrogen  unites  itself  with  the  next  atom  of  oxygen  of  the  mole 

bj  while  the  original  atom  of  ] 
drogen  is  expelled. 

This  atom  of  hydrogen  unit 
with  the  oxygen  of  the  molec 
<:,  drives  out  the  hydrogen  will 
which  that  atom  had  been  pr 
viously  combined,  and  so  on  through  the  whole  series  of  molecule 
until  the  negative  pole  is  reached.  Here  the  hydrogen  has  no  i 
oxygen  to  combine  with,  so  it  is  liberated  as  gas. 

The  electrolysis  of  all  other  electrolytes  is  similarly  explained.     This] 
fciinplc  and  ingenious  theory  was  devised  by  Grotthilss. 

ly f composed  Elements  appear  only  at  fhi  Eiectrodes.-^l'a  electroly 
the  elements  decomposed  appear  only  at  the  electrodes ;  the  inte 
diftte  region  presents  no  change,  although,  of  course,  it  must  be  trar*' 
«r»cd  by  the  decompositions  that  occur.  This  is  illustrated  by  tll8 
following  experiment  of  Davy  :  Three  vessels  are  connected  by  a  < 
lt»n  wick  thoroughly  moistened.  In  one  vessel  is  placed  an  alkaline  sal^l 
ftiuj  in  Ihe  other  two,  water.  The  liquid  of  all  three  vessels  is  colored^ 
wllh  »ynip  of  violets.  When  the  galvanic  current  is  made  to  pass  through 
Ihr  vesacla.  the  liquid  at  the  negative  pole  becomes  greeru,  and  the 
\ix\K\k\  Rt  the  positive  becomes  red^  demonstrating  that  the  acid  goes  to 
Ihc  positive  and  the  alkaline  base  to  the  negative  pole.  The  fluid  in 
the  middle  vessel  suffered  no  change  of  color,  although  it  must  have 
be<n  Iravcrsed  by  the  acid  in  the  solution. 

EiU<trolysis  compared  with  the  Reactions  in  ihe  Batteries.— Ityriii  be 
vbacrved  that  the  chemical  action  that  takes  place  in  the  fluids  of  any 

Uery  Is  similar  to  electrolysis.     The  two  are,  indeed,  facts  of  prc^ 

^y  the  same  nature.     The  action  in  the  battery  is  accompanied  by 

Mootric  current ;  the  action  in  electrolysis  occurs  as  a  result  of  the 
y^*  '  current. 

'  ■  'ion  on  Electro  Surgery  it  will  be  shown  that  all  these  phy- 

iMMht  Uw«  of  electrolysis  hav;  a  direct  and  necessary  bearing  on  the  ust 
'IfWvUolyiag  in  »urgciy. 
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rUUCED  ELECTRICmr — CURRENT  AND  MAGNETO-INDUCTION — ELECTRO- 
MAGNETISM. 

Induced  Electricity^  or  Electro-Magnetism :  Electro-dynamical  Induc- 
m. — Wc  have  seen  that  induction  means  the  action  that  electrified 
odies  exert  on  other  bodies  at  a  distance.  Electro-statical  induction 
as  ah-eady  been  treated  ot  We  have  now  to  speak  of  the  induction 
f  current-electricity. 
Prof.  Oersted,  of  Copenhagen,  first  observed  that  the  electric  oir- 
»nt,  brought  near  a  magnetic  needle,  caused  it  to  deflect.  This  was 
le  earliest  observation  in  electro-magnetism. 

Philosophers  at  once  set  themselves  at  work  to  explain  this  phenome-, 
on.  The  discovery  was  not  an  accidental  one  on  the  part  of  Oersted, 
'or  years  he  had  been  occupied  with  the  study  of  electro-physics,  and 
I  early  as  1807  he  had  published  a  work  in  which  he  stated  that  he 
urposed  to  ascertain  whether  electricity  in  its  most  latent  state  had 
Dy  ffftci  on  the  magnet.  His  first  discovery  that  the  needle  had  a 
tndency  to  place  itself  at  right  angles  to  the  wire  in  which  a  current  was 
assing,  was  a  natural  sequence  and  confirmation  of  his  early  researches. 
Ills  discovery  by  Oersted  formed  another  era  in  the  science  of  elec- 
icily ;  for  in  1820  the  enthusiasm  caused  by  the  discoveries  of  Galvani 
nd  Volta  had  subsided,  just  as  the  endiusiasm  caused  by  the  Leyden 
«-  and  Franklin's  pile  had  died  away  when  Galvani  made  his  renowned 
jsperimenL 

Amperis  Theory  of  Magnetism. — Among  the  many  scientists  who 
aght  to  explain  and  unfold  the  phenomena  of  electro-magnetism  as 
iscovercd  by  Oersted,  it  was  reserved  for  Ampere  to  achieve  the 
ghrst  success-  This  theorj',  which  was  developed  by  rigid  mathemat- 
al  demonstrations,  was,  that  each  molecule  oj  a  magnetic  body  is  trav- 
'scd  iy  closed  electric  currents.  These  currents  arc  free  to  move 
)oul  llieir  centres  of  gravity,  but  the  coercitive  force ^  which  is  weak  in 
ift  iron  but  great  in  steel,  tends  to  keep  them  in  position. 
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Before  a  magneric  body  is  magnetked  these  molecular  current*,  or 
rings  of  electricity,  by  their  mutual  attraction  neutralize  each  other, 
»o  that  their  combined  action  on  any  other  substance  is  nothing. 

When  a  body  is  magnetized^  these  mohcular  currents  assume  a  ^aral- 
Ul  direction.  The  more  complete  the  magnetization,  the  more  nearly 
imrallcl  ihey  become.  When  they  are  completely  parallel,  the  limit  of 
magnetization  is  reached.  Ampere  further  supposes  that  all  tliesc  mo- 
lecular currents  are  equivalent  to  a  single  current  circulating  round  the 
magnet.  Still  further,  and  in  consonance  with  his  theory.  Ampere  sup. 
poBcd  that  terrestrial  magnetic  effects  were  due  to  magnetic  currents 
that  circulate  round  the  earth  from  east  to  west,  perpendicular  to  the 
magnetic  meridian.  The  resultant  of  these  currents  is  a  single  cur« 
rent  going  from  east  to  west.  These  currents,  which  are  supposed 
to  be  due  to  the  action  of  the  sun,  deflect  magnetic  needles,  magne* 
tize  iron,  etc 

The  Electric  Current  acts  as  a  Magnet :  Solenoids. — In  confinzUii 
tion  of  Ampere's  theory  of  magnetism,  it  is  found  that  when  a  helix,  Of 
•pirals  of  covered  wire,  coated  in  such  a  way  that  one  of  the  wires  pASses 
through  the  axis  (solenoid,  as  it  is  called),  is  suspended  Into  cups  of 
mercury,  and  traversed  by  a  current,  it  will  act  like  a  magnetic  nttdU 

d  point  from  north  to  south.     Ampere  gave  the  following  rule  by 
hich  the  directions  of  the  needle  under  the  current  can  be  and 
stood  ;  Let  the  observer  imagine  himself  placed  in  tlie  wire,  so  that  ; 
current  enters  at  his  feet  and  leaves  at  his  head,  while  his  face  is  I 
toward  the  needle ;  the  pole  will  always  be  deflected  toward  tkt , 
qJ  the  observer. 

Helix. — In  a  helix  of  a  copper  wire  through  which  a  current  cir 
Utes,  each  convolution  of  the  spiral  may  be  regarded  as  one  of  the  litt] 
magnets  of  Ampere's  theory.     The  ends  of  the  spiral,  when  the  ciu 
passes  through  it,  act  on  a  magnetic  needle  like  the  poles  of  a  magnc 
Ampere's  theory  explains  two  important  magnetic  phenomena. 

I  St.  Why  like  poles  repel  and  unlike  attract. 

Two  north  poles  of  a  magnet  side  by  side  have  opposite  at 
fvnti  »nd  repel  each  other.  Similarly  with  two  south  poles.  But] 
nmlh  and  south  have  currents  in  the  some  direction  and  attract  eaci 

III.  Why   a   magnetic  needle   places  itself   north   and   south. 
IMincI  can  conic  to  rest  only  when  the  current  below  it,  nearest 
^hH.  U  jiaraUel  to  the  earth-current.     The  magnetic  needle  turns 
llw  \\\\\\\\  (o  allow  the  currents  below  it  to  become  parallel  to  the  i 
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EU<tro»tagneiic  Helix. — Magnetism  is  induced  in  a  bar  of  soft  iron 

'  the  simple  passage  of  a  current  near  it,  in  a  direction  at  right  angles 
the  bar.     If,  however,  the  wire  (Fig.  2-^  encircles  the  iron  many 
imes,  this  effect  will  be  much  in- 
rcased.     Let  a  current  be  passed 

er  the  wire  in  the  direction  of  the 
rrows,  and  the  iron  within  will  be- 
ome  strongly  magnetic,    with    its 

lies  as  shown  by  the  letters  S  and 
i.     If  the  enclosed  iron  be  not  too 

ravy,  it  will  be  drawn  to  the  centre  ^^^-  =J- 

id  held  suspended  there. 

When  the  current  is  broken,  the  iron  ceases  to  be  magnetic ;  while, 

a  bar  of  hardened  steel  be  substituted  for  the  iron,  it  will  retain  its 
nagnetisra  permanently.  Such  a  coil  of  wire  is  called  a  helix,  from 
\kti^  a  winding,  and  a  magnet  formed  in  the  manner  described  is  termed 

1  eUcifo-magnet. 

Fig.  24  represents  the  general  form  of  an  electro-magnet     It  is  com- 

(sed  of  a  bar  of  soft  iron,  bent  into  the 
Dim  of  a  horseshoe.  An  insulated  wire  is 
oiled  round  its  extremities.     When  a  cur- 

nt  of  electricity  is  passed  through  the  coil, 
he   horseshoe-bar  becomes  magnetic,    and 

tracts  the  armature.  If  the  current  is 
»roken,  the  bar  becomes  demagnetized  and 
he  armature  falls  to  the  ground.  Perma- 
icnt  magnets  possess  much  less  power  than 
Jectro-magnets, 

If  the  iron  bar  within  the  helix  be  more 
ban  a  third  of  an  inch  in  thickness,  and  the 
airrent  be  of  moderate  strength,  the  mag-  fva.  m. 

dsm  induced  is  in  proportion  to  the 
itrength  of  the  current,  and  of  the  number  of  turns  in  the  coil.  Ad- 
litional  coils  of  the  wire  give  no  increased  magnetism,  if  the  bar  is 
hinner  than  one-third  of  an  inch.  In  this  case  maximum  is  soon 
eached.  Again,  if  the  circuit  is  made  very  long,  thus  reducing  the 
Itrength  of  the  current,  the  advantage  usually  gained  by  the  thick  bar, 

id  by  increasing  the  number  of  coils,  may  be  lost.  The  iron  bar 
ibould  be  perfectly  pure  and  well  annealed,  in  order  that  the  electro- 
magnet may  quickly  acquire  and  as  quickly  lose  its  magnetism  on 
losing  and  breaking  tlie  circuit* 
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DirtctioH  of  the  Induced  Current. — If  a  current  of  electricity  is  \ 

tlirough  any  conductor,  it  will 
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duce  a  current  in  the  opposite  dir^ 
tion  in  a  second  conductor  situated] 
parallel  to  the  first.     Let  A  B,  Fig.! 
2$,  be  a  wire  connected  at  eiti 
extremity  with  the  poles  of  a  gaL^ 
vanic  battery,  and  M  N  a  second  wire  parallel  and  near  to  the 
As  soon  as  the  circuit  is  formed  and  a  current  passes  from  +  to  — , ; 
secondary  current  is  induced  in  the  second  wire,  but  in  an  opposite 
direction. 

This  current  is,  however,  but  for  an  instant.     As  soon  as  die  ■ 
is  broken,  an  instantaneous  current,  with  its  direction  reversed,  is  agaifl 
established  in  the  second  wire. 

Different  Orders  of  Induced  Currents. — Induced  or  secondary  \ 
rents  have  themselves  the  power  of  producing  induced  currents  in  ot] 
adjacent  circuits.      Currents   thus   induced   from   secondary  indue 
currents  are  called  tertiary  induced  currents.     These  tertiary  indue 
currents  have  also  the  power  of  producing  induced  currents  in  an 
jacent  circuit,  and  so  for  a  long  series. 

Currents  produced  in  this  way  are  in  opposite  directions  alternately^ 
and  their  strength  diminishes  the  higher  they  ascend 

As  a  secondary  current  flovra  in  a  direction  opposite  to  that  of 
battery  current,  so  the  tertiary  flows  in  a  direction  opposite  to 
secondary.     This  law  holds  good  throughout  the  whole  scries,- 
strength  of  the  current  diminishing  as  the  distance  from  the  bati 
increases. 

The  manifestation  of  electrical  action  in  the  secondary  coil,  upoal 
closing  and  breaking  the  circuit,  is  called  the  electric  throbs  while  the| 
passive  condition  of  the  wire  while  under  induction  has  been  descrit 
by  Faraday  as  eiectrotonic. 

If  the  primary  coil  be  movable,  so  that  it  can  be  brought  in  clo 
proximity  to  the  secondary  coil  while  the  current  is  passing,  an  inverse] 
current  is  produced  at  the  moment  of  its  approach,  the  same  as  whenj 
the  circuit  is  closed.  If  now  the  primary  coil  be  withdrawn,  a  dir 
current  is  produced,  the  same  as  when  the  circuit  is  broken.  As  longi 
as  the  primary  coil  remains  ia  one  position,  all  evidence  of  electiicityl 
in  the  secondary  wire  disappears.  If,  however,  while  in  this  posiuoiv| 
the  strength  of  the  primary  current  be  increased  or  diminished,  n»o 
mentary  currents  are  established  in  the  secondary  coil ;  the  invc 
following  the  increase,  and  the  direct  current  following  the  decrease  tl 
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Strength  of  the  primary  current.  In  thus  experimenting,  it  is  much 
more  convenient  to  wind  the  wires  on  separate  bobbins,  so  that  one 
may  be  placed  within  the  other,  as  represented  in  Fig.  26. 


Let  A  represent  the  primary  coil,  which  is  composed  of  wool-covered 
wire  ^  of  an  inch  in  diameter;  and  B  the  secondary  coil,  of  silk- 
covered  wire,  much  longer  than  the  other,  and  about  ^  of  an  inch  in 
diameter.  Now  let  the  secondary  coil  be  connected  with  the  galvan- 
ometer, G,  by  means  of  the  two  binding-screws,  while  the  primary  coil, 
by  two  loose  and  flexible  wires,  is  placed  in  the  circuit  of  a  galvanic 
celL  As  soon  as  A  is  inserted  into  B,  a  momentary  inverse  current  is 
indicated.  If  it  be  withdrawn,  the  galvanometer  indicates  a  momen- 
tary direct  current  While  the  primary  coil  remains  in  the  secondary, 
the  needle  announces  the  induction  of  currents  according  to  the  prin- 
ciples stated  above,  whenever  the  strength  of  the  primary  current  is 
increased  or  diminished. 

TTu  Conditions  under  which  Induction  takes  place. — To  sum  up  iu 
brief.  Induction  takes  place  from  one  circuit  into  an  adjacent  circuit, 
ist.  At  the  moment  when  the  current  is  closed.  2d.  The  moment 
when  the  current  is  opened.  3d.  While  the  current  is  increasing  or 
diminishing  in  strength.  4th.  While  the  current  is  brought  near  to  or 
removed  from  the  adjacent  circuit     A  current  that  doses  or  increases 
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in  strength,  or  is  brought  near  to  an  adjacent  circuit,  induces  an  invern 
momentary  current  in  that  circuit  A  current  that  opens  or  diminishes 
in  strength,  or  is  removed  from  an  adjacent  circuit,  induces  a  dired 
momentary  current  in  that  circuit.  It  will  be  seen,  therefore,  that  in- 
duction takes  place  only  when  there  is  some  change  in  the  condition  9J 
the  inducing  current.  It  must  be  closed  or  opened,  increased  or  dimin- 
ished in  strength,  brought  near  to  or  removed  from  the  adjacent  circuit 
In  the  ordinary  electro-magnetic  machines  these  changes  arc  made 
by  a  rheotome^  or  current-interrapter,  and  the  strength  of  the  current 
is  modified  by  withdrawing  or  removing  a  metallic  cylinder  enclosing 
the  coils,  or  by  withdrawing  or  removing  the  core  of  iron  needles. 

Induction  of  a  Current  on  Itself :  Extra  Current. — The  extra  cor- 
rent  is  that  which  is  induced  by  the  current  in  each  coil,  or  winding  of 
the  primary  coil  on  the  other  adjacent  windings. 

The  windings  act  inductively  on  each  other  both  at  the  opening  and 
closing  of  the  circuit.  Thus  we  have  a  direct  and  an  inverse  extra  cur- 
rent The  direct  extra  current  gives  shocks  and  sparks,  decomposes 
water,  magnetizes  steel,  and  melts  platinum-wire.  The  electromotive 
force  of  the  extra  current  bears  a  uniform  relation  to  the  intensity  of 
the  primary  or  inducing  current  When  the  secondary  coil  is  c/osed, 
the  extra  current  does  not  appear  in  the  primary  coil»  but  by  what  k 
called  reaction  it  is  formed  in  the  secondary  coil  itself,  and  becomes 
an  ordinary  induced  current. 

It  is  called  the  extra  current  only  so  long  as  it  remains  in  the  pri- 
mary coil  I  it  so  remains  onty  when  the  secondary  coil  is  open, 

Rheotome^  or  Current-interrupter. — Anoong 
the  different  contrivances  for  producing  these 
changes  in  the  primary  current  that  arc  neces- 
sary for  induction,  the  most  convenient  is  the 
Rheotome,  or  Current-interrupter. 

This,  when  placed  in  the  circuit  of  the  pri- 
mary coitf  alternately  closes  and  opens  the  cut' 
renty  and  thus  causes  induced  currents  in  the 
secondary  coiL 

Fig.  27  represents  a  current-interrupter. 
Into  the  iron    covering  A  are  fastened  the 
ends  of  the  iron  wires  of  the  core  within  the 
r»«.  •/.  coil. 

The  hammer  H  is  attached  to  a  spring  D, 
which  is  in  the  primary  circuit ;  /  is  a  projection  tipped  with  pLati- 
nuni»   because  that  metal  does  not  corrode ;  / ,  connected  with  the 
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screw,  is  also  tipped  with  platinum.  When  the  circuit  is  closed,  the 
core  of  iron-wire  A  becomes  magnetic,  and  draws  H  away  from  /', 
against  which  it  naturally  rests.  This  breaks  the  current,  for  the  circuit 
is  coropleled  through  the  connection  of  /  and  p\  As  the  current  is 
broken,  A  of  course  loses  its  magnetism,  and  no  longer  has  power  to 
attract  H  ;  therefore  the  spring  D  brings  H  back  to  /',  where  it  natur- 
ally rests.  This  completes  the  circuit,  and  again  A  becomes  magnetic, 
and  again  it  attracts  H,  and  thus  H  is  kepi  rapidly  vibrating  with  a 
buzzing  sound  between  A  and/'.  These  constant  interruptions  keep 
op  an  induced  current  in  the  secondary  coiL  The  screw  b  gives  the 
necessary  stiffness  to  D. 

Object  of  the  Iron  Core  in  tht  Primary  Coil. — The  inductive  power 
of  the  prijnary  current  is  very  greatly  increased  by  putting  a  bar  of  soft 
iron  or  a  bundle  of  iron  wires  in  the  heart  of  the  primary  coil  The 
iron  core  strengthens  the  current  in  this  way.  It  becomes  magnetic  by 
the  action  of  the  current,  and  this  magnetism  disappears  when  the  cur- 
rent opens.  The  disappearance  of  the  magnetism  induces  a  current  in 
the  same  direction  as  the  disappearing  primary  current,  and  thus 
strengthens  it.  In  electro-magnetic  machines,  as  used  for  electro- 
therapeutics, this  iron  core  is  a  very  convenient  means  for  modifying 
the  current  Pushing  it  in  the  coil  increases  the  current,  withdrawing 
it  diminishes  the  current. 

A  bundle  of  wires  is  preferable  to  a  single  bar  of  soft  iron,  for  in  the 
latter,  currents  are  formed  which  impede  the  sudden  cessation  of  the 
primary  current,  while  in  the  former  these  cannot  be  formed. 

Thickness  and  Length  of  the  Outer  and  Inner  Wires. — It  is  a  law  of 
clectro-physic3  that  wires  of  a  large  diameter  conduct  electricity  better 
than  wires  of  a  small  diameter.  It  is  necessary  that  the  primary  cur- 
rent should  be  strong,  since  its  principal  object  is  to  excite  magnetism 
in  the  core ;  consequently  the  coil  is  made  of  thick  wire  and  of  moderate 
length.  The  secondary  coil,  however,  is  made  of  very  thin  wire,  and 
cf  great  length,  so  that  as  many  turns  as  possible  may  be  brought 
within  the  influence  of  the  core  and  of  the  primary  coil,  and  thus  pro- 
duce a  secondary  current.  As  with  the  galvanic  or  inducing  current, 
the  electro-motive  force  of  the  battery  is  proportionate  to  the  num- 
ber of  cells ;  so  with  the  induced  or  secondary  current,  the  electro- 
motive force  of  the  coil  is  proportionate  to  the  number  of  turns  or  coils 
in  it. 

Induction  Coils  and  Electro-magnetic  Machines. — An  induction  coil 
for  philosophical  or  electro-therapeutical  purposes  consists  usually  of 
two  htlitts  or  coils  of  wire  enclosing  a  bar  of  soft  iron  or  a  bundle  of 
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iron  wires.*  The  inner  coil  is  connected  with  the  poles  of  a  batteiy, 
and  there  is  some  arrangement  for  breaking  the  current.  The  ianef  ^ 
coil  is  composed  of  tolerably  coarse  wire,  and  is  comparatively  short 
The  current  that  runs  through  it  is  calletl  the  primary^  or  sometimef 
the  inducing,  current.  The  outer  coil  is  in  no  way  connected  with 
the  inner  coil,  but  receives  by  induction  a  current  from  the  current  of 
the  inner  coil  as  it  is  alternately  broken  and  closed.  The  oui^ 
coil  is  composed  oi  fine  wire,  and  it  is  very  much  longer  than  the 
inner  coil. 

The  finer  and  longer  the  wire,  the  greater  the  tension  of  the  current 
The  current  that  comes  through   the  outer  coil  is  called  the  secondary 
current,  in  distinction  from  that  which  comes  from  the  inner  coil,  which 
is  called  the  primary.     In  both  coils  the  iron  is  insulated  with  silk  cover-  , 
ing. 

Ruhmkorff's  Coil — The  most  powerful  of  all  coils,  and  the  one  best  j 
adapted  for  philosophical  experiments,  is  that  of  Ruhmkorff,  of  Paris.  [ 
It  is  about  T4  inches  in  length.  The  inner  coil  is  of  copper,  is  about  I 
a  mm.  in  diameter,  and  4  or  5  yards  long.  It  is  coiled  on  a  cylinder  1 
of  card-board,  and  is  enclosed  in  an  insulating  cyUnder  of  glass  or  j 
rubber. 


ric.  .8. 


The  wire  of  the  outer  coil  is  of  copper,  from  \  to  \  mm.  in  diameter, 
and  from  thirty  to  sixty  miles  in  length.  The  distinctive  features  of 
this  coil  are  these  ; 

ist  It  is  coiled  in  sections  so  as  to  avoid  the  induction  of  the  outer 
coil  on  itself,  which  is  liable  to  take  place  when  it  is  very  long  and  the 
tension  is  high,  however  thorough  the  insulation. 

*  In  the  machine  of  Kidder,  to  be  deKxibed  under  Electro-Therapeatlcs,  the  IteUs  , 
is  composed  of  three  or  more  coils  of  wire,  not  distinct,  but  connected. 
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ad.  The  insulation  is  very  complete.  The  wire  is  covered  with  silk, 
and  each  winding  is  separated  from  the  others  by  a  layer  of  shellac 
In  the  larger  coils  of  Ruhmkorff  the  induced  currents  are  thousands  of 
times  stronger  than  tlie  primary  current  that  excites  them. 

The  Condenser  of  Ruhmkorff' s  Coil. — The  intensity  of  the  current  of 
tiie  secondary  coil  is  increased  by  interposing  a  condenser  in  the  circuit. 
In  Ruhmkorff s  coil  the  condenser  consists  of  150  sheets  of  tin-foil  18 
inches  square,  and  with  a  surface  of  about  75  square  yards.  These 
sheets  arc  coiled  around  insulating  oiled  silk,  and  around  each  other,  so 
as  to  form  two  armatures,  and  the  whole  is  placed  below  the  helix  in 
iJic  base  of  the  apparatus. 

Being  introduced  into  the  circuit,  it  receives  the  extra  current  and 
increases  its  tension.  It  stores  up  and  utilizes  force  that  would  other- 
wise be  wasted  in  the  form  of  sparks  at  the  interrupter. 

Effects  produced  by  Ruhmkorff' s  Coil. — -The  tension  of  Ruhmkorff 's 
coil  is  enormous,  and  for  the  reasons  above  given — the  length  and  fine- 
ness of  the  secondary  wire  and  the  power  of  the  condenser.  It  i)Ossesses 
all  the  properties  of  statical  as  well  as  dynamical  electricity.  It  is 
capable  of  giving  a  shock  so  violent  as  to  prostrate  a  man,  and  if  a 
sufficient  number  of  elements  are  connected  with  it,  it  could  kill  as  by 
a  stroke  of  lightning.  When  two  couples  are  connected  with  it,  it  will 
kill  a  rabbit.  It  causes  fine  iron  wire  to  melt  and  burn  with  a  bright 
light  It  can  rapidly  decompose  water,  or  produce  luminous  effects  in 
the  water  without  decomposition. 

It  decomposes  and  combines  gases.  Passed  through  a  hermetically 
sealed  tube  containing  air,  it  forms  nitrous  acid  from  the  nitrogen  and 
oxygen.     It  can  produce  a  spark  eighteen  inches  in  length  in  the  air. 

In  vacuo  it  produces  most  remarkable  effects.  In  the  so-called 
e!e<tri4  egg^  a  luminous  trail  is  observed  between  the  poles.  At  the 
positive  pole  the  light  is  red  and  brilliant ;  at  the  negative,  feeble  and 
violet.  If  vapor  of  alcohol,  or  turpentine,  or  bisulphide  of  carbon,  be 
introduced  into  the  vessel,  it  appears  in  the  form  of  alternate  light  and 
dark  zones  or  strata.  The  tints  vary  with  tlie  natiu^e  of  the  vapor. 
The  same  phenomena  are  obtained  by  the  ordinary  galvanic  current 
from  a  large  number  of  cells.  The  luminous  effects  of  the  coil  are  as 
great  from  a  single  cell  as  from  a  large  number. 

Id  electro-therapeutics  a  wide  variety  of  electro-magnetic  machines 
have  been  devised.  Most  of  them  are  run  by  one  or  two  cells,  like 
Smee's  or  Walker's,  and  the  current  generated  is  just  sufficient  for  ap- 
plication to  the  human  body,  and  are  but  little  adapted  for  the  philo- 
sopliical  room. 
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The  largest  induction  coil  of  which  we  have  any  knowledge  is  that  of 
Apps,  in  London,  It  is  nine  feet  ten  inches  long,  and  its  diameter  is 
two  feet.  The  soft-iron  core  is  five  feet  long,  four  inches  in  diameter, 
and  weighs  125  pounds.  The  length  of  the  primary  coil  is  3,770  yards 
while  that  of  the  secondary  coil  is  one  hundred  and  fifty  miles.  This 
battery  is  excited  by  48  large  Bunsen  cells.  It  gives  a  flash  twenty- 
nine  inches  long  that  will  perforate  five  inches  of  solid  plate-glass.  At 
the  Stevens  Institute  of  Technology,  Hoboken,  there  is  also  an  induc- 
tion coil  of  great  power. 

Properties  of  Induced  Currents. — Induced  currents  have  in  differcat 
degrees  all  the  properties  of  the  ordinary  galvanic  current.  They  pro- 
duce chemical,  thermic,  luminous,  and  physiological  effects.  They 
deflect  the  magnetic  needle,  magnetize  steel,  and  are  capable  of  them- 
selves exciting  induced  currents.  There  is  a  difference,  however,  be- 
tween the  effects  of  the  direct  induced  and  inverse  induced.  The 
direct  gives  a  powerful  shock,  the  inverse  a  mild  shock. 

The  direct  magnetizes  to  the  point  of  saturation,  the  inverse  does 
not  magnetize. 

In  their  action  on  the  galvanometer  they  are  about  equal  In  quan- 
tity, the  direct  and  inverse  induced  currents  are  about  the  same ;  but 
the  tension  of  the  direct  induced  is  greater  than  that  of  the  invecse 
induced. 

Comparative  Chemical  Effects  of  the  Galvanic  and  Induced  Currents. 
— ^That  the  chemical  character  of  currents  of  induction  is  distinctive  from 
the  galvanic  is  proved  by  the  following  experiment :  When  the  platinum 
poles  connected  with  an  induced  current  are  placed  in  water,  water  is 
decomposed  and  oxygen  produces  oxidation  of  platinum,  which  is  re- 
duced to  metallic  platinum  by  the  recombination  of  the  hydrogen  with 
the  oxygen.  This  process  takes  place  at  both  poles,  so  that  both 
become  covered  with  a  powder  of  platinum. 

If  a  solution  of  iodide  of  potassium  and  starch  is  brought  into  the 
circuit,  the  blue  color  appears  at  both  poles.  When  the  galvanic  cur- 
rent is  used,  the  blue  color  appears  only  at  the  positive  pole.  When 
the  induced  current  is  sent  through  water  it  decomposes  it,  just  as  the 
galvanic  current  does  the  oxygen  and  hydrogen,  both  appearing  at 
both  poles;  but  they  recombine,  and  thus  the  water  does  not  appear 
to  be  decomposed  at  all. 

It  is  of  the  first  importance  to  the  electro-therapeutist  to  understand 
eleclro-magnetisra,  for  it  is  the  form  of  electricity  most  used  in  electro- 
therapeutics. 

Magneto-electricity, — Magneto-electric  induction  is  the  induction  of 
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electric  currents  by  magnetism.  It  is,  as  the  term  implies,  the  reverse 
of  electro-magnetic  induction.  There  are  two  forms  of  magneto-elec- 
tric induction. 

The  first  and  most  familiar  form  is  when  a  current  is  induced  in  a 
coil  of  insulated  wire.  The  second  form  is  when  a  current  is  induced  in 
conducting  plates. 

Under  electro-magnetic  induction  we  have  seen  that  the  coil  of 
wire  in  which  a  current  circulates  produces  a  contrary  induced  cur- 
rent in  an  adjacent  coil  whenever  a  change  is  made  in  the  current  by 
opening,  closing,  withdra\^nng,  or  approaching  it.  The  strength  of  the 
induced  current  is  proportioned  to  the  amount  and  suddenness  of  these 
changes.  If  now  we  substitute  for  the  primary  or  inducing  coil  a  per- 
manent bar  magnet^  and  cause  it  to  approach  or  withdraw  from  the  ad- 
jacent coil,  it  induces  a  current  in  that  coil.  This  principle  is  the 
basis  of  all  the  magneto-electric  machines  that  are  so  familiar  to  stu- 
dents of  philosophy,  and  that  were  once  so  much  used  in  electro-ther^ 
peutics. 

The  development  of  magneto-electricity  is  shown  in  a  very  simple 
manner  by  the  common  horseshoe  magnet,  its  annature, 
and  a  copper  wire.  Let  the  armature  A  B  be  encircled 
by  the  wire  C,  one  end  of  which  is  flattened  and  amal- 
gamated ^nth  nitrate  of  mercury,  and  the  other  filed  to 
a  point.  Wlien  the  armature  is  placed  upon  the  magnet, 
the  moment  of  contact,  when  it  is  withdrawn,  and  the 
act  of  withdrawal,  will  each  be  marked  by  a  spark  of 
electricity  at  C,  where  the  two  extremities  of  the  wire 
meet. 

The  electric  current  flows  in  one  direction  at  the  in- 
stant magnetism  is  induced  in  the  soft  iron  which  is 
enclosed  by  the  coil  of  wire,  and  in  the  opposite  direc- 
tion when  its  magnetism  is  destroyed. 

In  the  electro-magnetic  machines  in  ordinary  use  a  soft-iron  arma- 
ture covered  with  wire  is  made  to  rotate  in  front  of  the  poles  of  a  per- 
manent horseshoe  magnet.  As  the  armature  rotates,  its  two  ends  are, 
of  course,  alternately  brought  near  to  and  removed  from  the  bars  of  the 
magnet,  and  thus  two  currents  are  induced  in  the  wires  that  cover  the 
armature.  E^ch  current  lasts  half  of  a  revolution,  and  if  the  rotation 
be  rapidly  kept  up,  a  current  is  produced  which  may  be  perceived  when 
the  ends  of  the  wires  are  joined. 

A  Continuous  Current  from  Magneto-tUctric  Machines. — When  the 
armatures  of  the  magneto-electric  machine  are  made  to  revolve  with 
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sufficient  rapidity,  a  continuous  current  is  produced  which  has  all  the 
properties  of  the  galvanic  ctirrent.  Magneto-electric  currents  aie^ 
therefore,  extensively  used  in  electrolytic  experiments  and  in  electro 
plating.  It  is  possible  that  some  of  these  may  be  utilized  in  electro- 
therapeutics. 

Currents  induced  by  Magnetism  in  Conducting-plates :  Magnetism 
of  Rotation. — In  1824-5  Arago  discovered  that  when  a  copper  disk  re- 
volved with  great  rapidity  under  a  needle  resting  on  a  disk  above  the 
disk,  the  needle  deflected  in  the  direction  of  the  motion  of  the  disk. 
After  a  time,  if  the  movement  be  sufficiently  rapid,  the  needle  refuses 
to  remain  fixed,  and  turns  around  after  the  disk.  The  explanation  of 
this  phenomenon  was  given  by  Faraday  in  1831.  He  showed  that  it 
arose  from  the  reaction  of  the  currents  induced  in  the  plate  by  the  u)ag> 
net.  The  magnetism  of  rotation  is  only  one  of  the  many  phenomena 
connected  with  induction.  All  these  phenomena — induction  by  currents 
of  magnetism  and  by  rotation — are  explained  by  the  theory  of  Ampere 
before  cited.  They  are  at  once  in  harmony  with  that  theory  and  coH' 
firmatory  of  it. 

History  of  Induction. — The  discovery  that  electric  currents  of  mag- 
netism can  induce  currents  in  neighboring  circuits  was  made  by  Faraday 
in  1830.  His  researches  on  the  subject  were  published  in  the  Philo- 
sophical Transactions  in  1851  and  1S32. 

This  discovery  of  Faraday,  like  that  of  Oersted,  was  the  result,  not 
of  accident,  but  of  long  and  laborious  experimentation.  As  early  as 
1825  Faraday  bad  sought  to  make  a  wire,  through  which  the  galvanic 
current  was  passing,  induce  a  current  in  a  neighboring  wire,  just  as  a 
conductor  charged  with  Franklinic  electricity  would  have  done.  Not 
until  1831  did  he  find  out  that  the  current  must  be  broken  or  closed, 
or  approached  or  withdrawn,  before  it  could  induce  a  current  in  a 
neighboring  wire. 

In  1832  Prof.  Henry,  then  of  New  Jersey,  now  of  the  Smithsonian 
Institute,  Washington,  observed  phenomena  which,  in  1834,  Faraday 
showed  were  due  to  the  extra  current.  In  1837  Bachhoffner  and 
Sturgeon  showed  that  a  bundle  of  wire  was  better  in  an  induction  appa- 
ratus than  a  rod  of  soft  iron. 

In  1 84 1  Prof.  Henry  studied  the  inductive  action  of  currents  on 
currents.  In  1850  or  1851  Ruhmkorff  constructed  the  induction-coil, 
and  in  1853  Fizeau  greatly  increased  its  ijower  by  adding  to  it  a  con- 
denser. The  discovery  that  discharges  of  the  Leyden  jar  made  a 
primary  spiral  induce  a  current  in  a  secondary  spiral,  and  that  currents 
of  the  third}  fourth,  and  fifth  order  can  be  thus  produced,  and  of  su& 
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dent  strength  to  give  shocks,  burn,  etc,  was  made  simultaneously  by 
Profs.  Henry,  of  Washington,  and  Riess,  of  Berlin. 

The  first  magneto-electric  machine  was  made  by  Faraday  in  1831. 
The  first  machine  of  the  style  now  used  was  made  by  Fixii  in  1832. 
Improvements  have  been  since  made  by  Saxton  (1833),  Clarke  (1836), 
Petrine  (1844),  Stdhrer  (1844),  Siemens,  Halske,  Duchenne,  and 
others. 


CHAPTER  VI, 


THERMO-ELECTRICITy, 


Thermo-electricity  is  that  form  of  electricity  that  arises  from  the  heai- 
ing  of  two  heterogeneous  conductors  at  their  junction.  The  two  most 
important  methods  of  generating  thermal  currents  arc,  ist,  with  two 
portions  of  the  same  metal ;  and  id,  with  two  different  kinds  of  metaL 

Tliermo-elcctricity  generated  by  One  Metal, — If  a  copper  wire  be 
cut  into  two  pieces,  and  one  of  the  ends  be  heated  to  redness  and 
pressed  against  the  end  of  the  other  piece,  a  current  of  electricity  is 
produced.     This  is  demonstrated  by  the  galvanometer. 

When  different  portions  of  the  same  metal  have  different  structures, 
a  current  is  obtained  when  the  point  where  both  structures  come 
together  is  heated. 

If,  for  example,  a  platinum-wire  be  twisted  or  bent  on  itself,  this 
twisting  so  changes  the  structure  of  the  wire  that  a  current  is  generated 
by  heating  the  point  of  union  between  the  twisted  and  non-twisted 
portion. 

Thermo-electricity  generated  hy  Two  Metals. — Let  A  and  B  (Fig.  30) 
be  respectively  bars  of  antimony  and  bismuth,  soldered  to- 
gether, while  G  represents  a  galvanometer  connected  by  two 
wires  -with  the  free  extremities  of  the  metals. 

When  the  junction  S  of  the  metals  is  heated,  a  current  o! 
electricity  is  generated,  which  flows  from  the  bismuth  to  the 
antimony,  as  shown  by  the  arrow.  If  the  junction  S  is  chilled 
by  applying  ice,  a  current  is  also  produced,  but  in  the  oppo- 
site  direction.  This  combination  constitutes  a  thermo-electric 
pair. 

The  following  is  the  thermo-elecLnc  classification  of  the 
metals.  The  arrows  show  the  direction  of  the  current,  accord- 
ing as  the  junction  is  influenced  by  heat  or  cold.  The  relative  elec- 
tro-motive force  of  the  metals  is  indicated  by  the  numbers. 
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exceeds  300",  the  direction  of  the  current  is  changed  and  it  goes  frooi 
iron  to  copper. 

Thermo-dcctric  Force  influenced  by  Crystallisation. — ^It  is  a  fact  of 
interest  that  the  thermo-electric  force  is  influenced  by  crystailLzailon. 

Metals  which  have  a  crystalline  structure  are  best  suited  for  a  thermo- 
electric pair. 

It  has  been  noticed,  also,  that  when  the  cleavage  of  bismuth  is  par- 
allel to  the  face  of  junction,  the  electro-motive  force  is  greater  than 
when  both  are  at  right  angles  ;  with  antimony  the  reverse  is  true.  The 
difference  is  so  great  that  it  is  possible  to  construct  a  thermo-electric 
element  of  two  pieces  of  bismuth  by  making  the  cleavage  in  one  parallel 
to  the  fiice  of  the  junction,  and  the  other  at  right  angles  to  it  The 
same  can  be  done  with  antimony. 

General  Properties  of  Thermo-electric  Currents. — Thermo-electric 
currents  have  to  a  less  degree  all  the  properties  of  the  galvanic  battery. 
They  can  be  kept  very  constant,  for  by  the  use  of  ice  and  boiling 
water  the  junction  of  the  metals  tliat  give  rise  to  them  can  easily  be 
kept  at  a  tlefinite  temperature. 

P'or  this  reason  (their  constancy)  Ohm  used  them  in  the  experimental 
establishment  of  his  great  law. 

Electro-motive  Force  of  Thermo-electric  Currents. — As  compaied 
with  the  currents  generated  by  chemical  action — hydro-electric  currents 
— the  thermo  electric  currents  have  a  very  feeble  electro-motive  force. 
According  to  Wheatstone,  the  electro-motive  force  of  a  bismuth-copper 
element,  with  a  difference  of  100  C.  in  the  temperature  of  their  junctions, 
is  -jiy  that  of  a  Daniell  element.  Other  observers  have  estunated  the 
electro-motive  force  of  thermo-electric  currents  still  less.  According 
to  Kohlrausch,  the  electro-motive  force  of  an  iron-silver  couple  with 
10°  or  15°  difference  of  temperature  at  their  junction  is  xh^  tliat  of  a 
Daniell  element. 

Origin  of  the  Current  in  a  Thermo-electric  Battery. — We  hav« 
shown  that  in  the  galvanic  battery  the  origin  of  the  current  is  chemical 
action.  In  the  thermo-electric  battery  chemical  action  will  not  explain 
the  existence  of  the  currents,  for  they  are  formed  in  hydrogen  and  in 
vacuo.  They  are  not  caused  by  contact,  for  they  can  arise  from  a 
single  metal. 

It  has  been  supposed  that  thermo-electric  currents  are  due  to  the 
unequal  propagation  of  heat.  In  a  homogeneous  circuit  no  current  is 
produced,  for  the  heat  extends  equally  in  all  directions. 

Ther mo-multiplier. — The  chief  use  of  thcnno-electricity  is  to  measure 
exceedingly  feeble  changes  of  temperature.      The  thenno-electric  pile 
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^Ottiwcled  with  the  galvanometer  is  incomparably  more  delicate  than 
any  thermometer.  The  arrangement  used  by  Melloni  is  represented  in 
the  cut. 


r 


FlG.  31. 

On  a  wooden  base  a  graduated  copper  tube,  about  a  yard  long,  is 
placed.  On  this  are  placed  a  lamp,  a,  the  screws  F  and  E,  a  sup- 
port for  the  bodies  to  be  experimented  on,  and  the  thermo-electric 
pile  m.  Near  by  is  the  galvanometer  D,  which  has  only  a  few  turns 
of  thick  wire.  Such  a  galvanometer  is  called  a  ther mo-multiplier. 
It  is  so  very  delicate  that  the  heat  of  the  hand,  at  a  distance  of  three 
feet,  will  generate  electricity  in  tlie  pile  sufficient  to  deflect  the  needle. 
If  the  face  of  die  pile  be  breathed  upon,  the  needle  will  swing  around 
to  90*.  The  thermo-multiplier  is  a  powerful  illustration  of  the  great 
law  of  the  correlation  and  conservation  of  forces.  As  electricity  pro- 
duces heat,  so  in  the  thermo-electric  pile  heat  produces  electricity. 

In  the  thermo-multiplier  heat  produces  electricity ;  this  electricity 
produces  magnetism,  is  converted  into  mechanical  motion,  and  not 
until  it  has  gone  through  all  these  transformations  can  a  very  delicate 
axnount  of  heat  be  detected.  The  thermo-mulriplier  is  used  in  physio- 
logical researches. 

Thermc  electric  Batteries. — A  number  of  thermo-electric  couples 
soldered  together  so  that  the  copper  or  antimony  of  one  is  soldered 
to  the  bismuth  of  the  other,  and  so  on,  is  called  a  thermo-electric  bat- 
ifry*  The  current  is  generated  by  heating  one  row  of  the  soldered 
faces,  or,  as  the  current  depends  on  the  difference  of  temperature  of 
the  two  sides,  by  applying  ice  to  one  side  and  heat  to  the  other. 

The  accompanying  cut  represents  Farmer's  thermo-electric  battery, 
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bsif's  LAW  AND  ITS  PRACTICAL  APPUCATION  TO  ELECTRO-THERAPEUTICS. 

The  basis  of  all  electrical  measurement  is  Ohm's  law,  which  is,  that 
the  ^entity  of  tUctricity  passing  through  any  point  in  a  circuit 
paries  directly  as  the  electro-motive  force^  and  inversely  as  the  resistance, 
I  Putting  Qfor  quantity,  E  for  electro-motive  force,  and  Rfor  resistance, 
Ihe  law  is  thus  expressed :   Q  =  |. 

This  law  was  discovered  by  Prof  Ohm,  of  Nuremberg,  in  1827,  and 
lor  a  long  time  was  neglected-  It  is  the  north-star  of  dynamical  elec- 
tricity. Those  who  can  keep  this  always  in  sight  need  never  lose  their 
way,  however  long  or  intricate  the  explorations  they  may  make  in  this 
important  and  fascinating  reahu.  Although  originally  nothing  but  a 
theof)',  yet  it  has  been  powerfully  confirmed  by  the  mathematical  calcu- 
lations of  Fechner,  Pouillet,  Kohlrausch,  Daniell,  De  la  Rive,  and 
Wlieatstone,  and  has  proved  itself  competent  to  explain  all  the  phe- 
Domena  with  which  it  has  to  do.  Just  as  the  strength  of  the  theory  of 
gravitation  consists  in  its  power  to  accoimt  for  the  movements  of  the 
Bolar  system,  just  as  the  strength  of  the  undulatory  theory  consists  in 
its  power  to  explain  the  complex  phenomena  of  light,  so  the  strength 
cf  Ohm's  law  consists  in  its  power  to  account  for  the  phenomena  of  dy- 
namical electricity.  As  no  one  can  be  master  in  astronomy  without 
understanding  gravitation,  or  in  optics  without  understanding  the  undu- 
latory theory,  so  no  one  can  be  master  in  electricity  without  under- 
Standing  Ohm's  law. 

We  shall  endeavor  to  make  this  law  and  its  application  as  clear  as 
Ihc  nature  of  the  subject  will  allow.  It  is  necessary  to  define  certain 
terms  that  are  not  very  familiar ;  first  of  all,  units  of  measurement. 

A  unit  is  an  abstract  term  to  express  any  determined  quantity,  by  the 
repetition  of  which  any  other  quantity  of  the  same  kind  can  be  measured. 

An  ohm  is  a  unit  of  resbtance  ;  one  million  ohms  =  one  megohm ; 
ime  millionth  of  an  ohm  =  one  microhm. 

A  number  of  units  of  resistance  have  been  proposed — among  others, 
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definite  lengths  of  wires  of  a  definite  thickness  j  but  wire  is  rarely  pvat^ 
and  the  different  specimens  widely  vary. 

In    1864  the  British  Association,  acting  on  the  suggestion  of  Web 
decided  that  electrical  resistance  could  be  expressed  as  an  absolute  " 
locity,  without  any  reference  to  the  substance  that  conducts.     This  unit, 
which  expresses  a  velocity  of  10,000,000  metres  of  a  second,  is  called  i 
A  ^.,  or  British  Association,  unit. 

Previous  to  this  action  of  the  Association  the  best  known  units  verel 
those  of  Siemen  and  Varley.  Siemen's  unit  is  a  column  of  purej 
mercury,  one  metre  long  and  one  square  millimetre  in  sections  at  o*  C I 
Varleyh  unit  was  one  mile  of  ordinary  copper-wire,  No.  16,  ^  of  Ml 
inch  in  diameter  at  60"  F.  The  B.  A.  unit  of  the  British  Association  if  { 
embodied  in  an  alloy  of  platinum  and  silver.  This  alloy  has  the  ad-j 
vantage  of  German  silver,  that  its  conducting  pOAVcr  does  not  changej 
with  long  use. 

The  unit  of  electro-motive  force  is  called  a  volt.  A  volt  is  equal  to| 
*bout  the  force  of  a  Daniell  cell,  or  the  decimal  '9268. 

The  unit  of  quantity  is  a  farad.     In  other  words,  a  farad  is 
quantity  of  electricltj'  which,  with  a  certain  electro-motive  force,  floi 
through  a  certain  resistance. 

The  terminology  of  electricity  in  general  has  been  atrociously  difl 
cull  and  obscure,  but  nowhere  has  there  been  deeper  obscurity  aiKl| 
grosser  misunderstanding  and  inconsistency  than  in  the  application  of  ■ 
the  terms  resistance,  quantity,  tension,  and  electromotive  force. 

Electromotive  Force. — The  electro-motive  force  is  the  force  that  urgt^ 
forward  the  current. 

It  is  the  origin  of  tension,  to  be  hereafter  defined.     This  force 
modified — 

xst  By  the  nature  of  the  plates  of  which  the  element  is  composed- 
ad.  By  tlie  nature  and  strength  of  the  acid  solution. 

3d.  By  the  number  of  elements  in  the  solution. 

Substances  that  stand  at  or  near  the  two  extremes  of  the  electro- 
positive and  electro-negative  series,  generate  a  stronger  electro  motive 
force  than  substances  that  stand  near  each  other. 

Zinc  and  platinum  or  zinc  and  carbon  give  more  electromotive 
force  than  zinc  and  copper,  because  the  difference  in  their  oxidability 
is  greater,  and  they  stand  farther  apart  in  the  electro-positive  and 
electro-negative  scries. 

Plates  that  are  imperfect  in  their  structure,  or  which  contain  irapufi- 
ties  that  generate  currents  in  opposition  to  the  main  current,  or  plates 
that  are  worn  out,  or  are  encrusted  with  the  products  of  chemical 
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decomposition,  give  less  electromotive  force  than  plates  that  are  per- 
fect, fresb,  and  clean. 

Similarly  also  the  electro-motive  force  is  diminished  by  the  polarising 
action  of  the  current  in  the  cell.  Thus,  in  the  Smee  cell,  the  hydrogen 
that  gathers  on  the  platinum-plate  and  the  oxygen  that  gathers  on  the 
zinc,  generate  a  current  that  is  opposite  in  direction  to  the  main  cur- 
rent, and  enfeebles  it ;  and  for  this  reason,  lifting  the  plates  out  of  the 
liquid  a  moment  to  allow  the  gases  that  form  on  tiiera  to  escape,  or 
vigorously  agitating  the  liquid,  at  once  increases  the  electro-motive 
force.  Strong  acids  which  excite  vigorous  clieniical  action  give  more 
electromotive  force  than  weak  acids,  and  therefore  it  is  that  sulphuric 
and  nitric  and  chromic  acids  arc  so  much  used  in  batteries. 

When  the  proportion  of  acid  in  the  solution  is  large,  electro  motive 
force  IS  greater  than  when  it  is  small.  Strong  solutions,  however,  con- 
sume the  plates  faster,  and  the  electro  motive  force  will  be  reduced 
thereby  sooner,  other  conditions  being  the  same,  than  when  weak  solu- 
tions are  used. 

The  electromotive  force  is  exactly  proportioned  to  the  number  of 
ei^mcntSy  without  regard  to  their  size.  Two  elements  give  twice  as 
much  electro-motive  force  as  one  element,  and  one  hundred  elements 
give  one  hundred  times  as  much  as  one  element  of  a  similar  character. 
This  can  be  proved  by  a  galvanometer,  with  a  long  resistance-coil, 
where  the  deflection  of  the  needle  will  be  in  pretty  exact  proportion  to 
the  number  of  cells  brought  into  the  circuit.  The  exactness  of  this 
proportion  is  of  course  modified  by  the  imperfections  of  individual  ele- 
ments, or  by  variation  in  the  quantity  and  strength  of  solution  in  each 
cell ;  but  the  law  always  holds  good. 

As  with  the  long-coil  galvanometer,  so  with  the  human  body,  or  any 
other  powerful  resistance  whatsoever,  the  electro-motive  force  that  passes 
through  it  will  be — all  other  conditions  being  the  same — proportioned 
to  the  number  of  elements  and  without  regard  to  their  size.  If  a  series 
of  very  large  elements  are  opposed  to  an  equal  series  of  very  small 
elements  of  similar  construction,  no  current  will  pass;  they  will  neu- 
tralize each  other.  If  both  be  tested  by  the  galvanometer  with  a  long 
jeststance,  they  will  cause  similar  deflections  of  the  needle. 

Tke  quantity  of  electricity  that  passes  through  a  circuit  is  directly  pro- 
portioned to  the  electro-motive  force.  If  there  were  no  resistance  in  the 
circuit,  quantity  and  electro-motive  force  would  be  the  same :  Q  =  E. 
But  there  can  be  no  circuit  without  some  resistance,  therefore  Q  never 
equals  E. 

Electro-motive  force  of  diflferent  batteries,  approximately : 
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Grove loo 

Biuisen , 98 

Daniell 56 

Smee  (when  not  in  action) .,., 57 

"     (when  in  action) 25 

Wollaston  (cojiper  and  zinc) 46 

Mari6  Davy  (sulphate  of  mercury  aiid  graphite).  76 

Chloride  of  silver 62 

Chloride  of  lead 30 

These  estimates  are  the  mean  of  a  very  large  number  of  obsemb- 
tions  by  Latitner  Clark,  taken  on  a  sine  galvanometer.  The  electro- 
motive force  15  somewhat  modified  by  various  imdetermined  causes. 

Tension^  or  Potential. — Tension  is  that  qualify  of  electrieity  by  which 
it  overcomes  resistance.  This  definition  is  practical  rather  than  stiiclly 
scientific,  and  can  only  be  understood  by  explanation. 

Tension  is  a  result  of  the  electro-motive  force,  and  is  dependent  on  it, 
and  by  mistake  the  two  are  often  confounded.  The  sum  and  the  diffe- 
rences of  electro-motive  force  are  always  equal  to  the  sum  and  differ 
fences  of  tension,  but  they  are  differently  distributed  in  the  cucuit. 
By  mathematicians  the  term  potential^  suggested  by  Green,  is  preferred 
to  tension.  The  term  is  a  relative  one,  and  no  body  or  part  of  a  body 
can  be  said  to  have  an  absolute  tension  or  potential.  The  potential  of 
a  body  is  really  the  difference  between  its  potential  and  that  of  the 
earth,  which  is  assumed  to  be  zero.  Electricity  flows  from  a  body  or 
part  of  a  body  at  a  higher  potential,  to  a  body  or  part  of  a  body  at  a 
lower  potential,  and  the  work  which  it  does  measures  its  amouaL 
Differences  of  potential  may  be  compared  to  differences  of  level  for 
water.  As  water  tends  to  flow  from  a  higher  level  to  a  lower  level  an» 
til  all  is  of  a  uniform  height,  so  electricity  tends  to  flow  from  a  higher 
to  a  lower  potential  until  the  potential  of  all  parts  of  the  conductor  \% 
tlie  same,  and  ceases  to  flow.  An  instance  of  extreme  tension  is  found 
in  lightning,  where  it  is  caused  by  the  differences  in  the  electro-motive 
forces  between  two  clouds,  or  between  the  clouds  and  tlie  earth. 

The  tension  of  the  frictional  machine  is  very  great,  for  the  reason 
that  it  is  not  at  all  influenced  by  the  resistance  of  the  circuit,  which 
la  the  galvanic  battery  is  very  great.  If  the  current  of  the  galvanic 
battery  encountered  no  resistance  in  the  circuit,  or  was  not  aifecled  by 
resistance,  its  tension  would  be  enormous. 

The  terra  intensity  has  long  been  used  as  synonymous  with  tension  ; 
but,  strictly  speaking,  mtensity  is  derived  from  the  French  itUcttsiti, 
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which  has  been  translated  intensity,  but  which  really  n^eans  quantity. 
It  is  better  to  dispense  entirely  with  the  terra  intensity,  and  we  hava 
done  so  in  the  present  work. 

Our  definition  of  tension  may  be  thus  illustrated :  Let  a  battery  of  loo 
cells  be  joined  in  tlic  ordinary  tension  arrangement,  zinc  united  with 
carbon  and  so  on.  Place  the  battery  on  an  insulated  stand,  and  connect 
the  zinc  or  negative  pole  with  the  earth,  leaving  the  other  free.  Regard- 
ing the  earth,  for  convenience'  sake,  as  zero,  the  copper  pole  will  have 
a  tension  of  o,  while  the  free  end  will  have  a  tension  of  loo  positive. 
If  a  wire  be  connected  with  the  free  end,  a  current  would  Ao^  from  it 
to  the  earth.  If  now  we  reverse  the  position  of  the  poles,  connecting 
the  carbon  pole  with  the  earth,  and  leaving  the  other  free,  the  carbon 
end  will  be  o,  and  the  zinc  end  will  be  loo  negative,  and  if  it  be  con- 
nected with  the  earth  a  current  will  flow  from  the  earth  to  it.  In  both 
of  these  cases  the  tension  is  the  same  \  in  one  case  it  is  positive,  in  the 
other  negative.  Take  the  same  battery,  with  the  zinc  pole  connected 
with  the  earth,  and  join  the  carbon  and  zinc  ends  by  a  short,  thick  wire, 
and  a  strong  current  will  flow  through  the  wire.  But  here  conies  in  the 
difference  between  tension  and  electro-motive  force,  for  it  can  be  ascer- 
tained by  proper  tests  that  the  electromotive  force  of  the  battery  is  the 
same  as  it  was  before  the  ends  were  joined,  but  the  tension  has  changed. 

I  Before,  it  was  loo  positive  at  the  carbon  end,  now  it  is  almost  o. 

If,  instead  of  a  short,  thick  wire,  a  long,  fine  wire  that  oflFers  greater 

j  resistance  be  used  to  connect  the  poles,  the  tension  at  the  carbon  end 
will  rise  with  the  increase  in  resistance  in  the  wire.  When  the  resist- 
ance becomes  infinitely  great,  the  tension  becomes  loo  again,  but  it 
can   never  exceed  too,  for  the  tension  can  never  exceed  the  electro- 

I  motive  force  at  any  point,  although  it  may  fall  very  much  below  it. 
These  two  general  laws  in   regard  to  tension  should  be   reraem- 

Ibered: 

ist-  It  rises  with  the  distance  from  the  zero  end  of  the  circuit. 

2d.  The  quantity  of  electricity  passing  between  any  two  points  is 

I  always  proportioned  to  the  difference  of  tension  between  tliese  points. 

I  The  actual  tension  may  be  high  or  low,  positive  or  negative,  but  there 
can  be  no  current  without  differences  of  tension.* 

The  arrangement  in  series  (or,  as  it  is  erroneously  called,  "  intensity 
arrangement"),  is  when  the  electro-positive  element  of  one  cell  is  united 
to  the  electro-negative  element  of  the  next  cell,  and  so  on.   The  "  quan- 

\  lity  arrangement,"  or  "multiple  arc"  is  when  all  the  electro  positive  ele- 


•  Om  Electriml  Measurement.     By  Latimer  Clark.     London,  1868,  p.  17, 


ments  are  united  to  all  the  electro-negative  elements  so  as  to  make  i 
large  element.    The  arrangement  in  series,  or  a  "  tension  arrangeroea  j 
is  used  for  all  ordinary  galvanization  and  electrolyzation.     The  multi| 
arc,  or  *'  quantity  arrangement,"  is  used  in  galvano-cautery.   The  phia^^ 
"joined   for  tension,"  or  •*  intensity,"  and   ** joined  for  quantity," 
relics  of  old  and  exploded  theories  of  electricity.     For  convenieotf 
sake  they  are  still  used  ;  but  those  who  understand  Ohm's  law  net 
not  be  deceived  by  them. 

Resistance. — Resistance  is  that  quality  of  a  conductor  that  im^ 
the  passage  of  a  circuit. 

There  are  two  kinds  of  resistance  in  any  circuit : 

1st.  That  of  the  battery  itself  {Internal  Resistance). 

2d.  That  of  the  connecting  wires  (circuit  outside  of  the  battery), 
galvanometer,  the  human  body,  or  other  substance  introduced  into  1 
circuit  {External  Resistance). 

Hotv  Resistance  is  Modified, — Resistance  is  modified  in  three  ways:  • 

ist.  By  the  nature  of  the  substance,  whether  Uquid  or  solid,  or  by  J 
special  chemical  composition. 

2d.  By  the  form  of  tlic  substance,  whether  long  or  short,  of  small 
large  diameter. 

3d.  By  the  temperature. 

It  is  proved  by  experiment  that  the  resistances  of  wires  of  the 
material  and  of  the  same  thickness  are  directly  proportioned  to  th 
lengthy  and  inversely  proportioned  to  the  squares  of  their  diameters, 

A  wire  one  mile  in  length  gives  twice  the  resistance  of  a  wire  half  1 
mile  long,  and  four  times  the  resistance  of  a  wire  one-fourth  of  a 
long.  On  the  other  hand,  wires  of  the  same  metal,  but  of  diamete 
which  stand  to  each  other  in  the  relation  i,  2,  3,  offer  a  resistance  ' 
stand  to  each  other  as  i,  ^,  \.  In  other  words,  the  longer  the  wire  th^ 
greater  the  resistance,  the  thicker  the  wire  the  less  the  resistance-  The 
same  law,  but  less  exactly,  applies  to  liquids,  and  for  this  reason  large 
elements  give  less  resistance  than  small  elements.  The  relative  specific 
resistances  of  a  number  of  metals  at  a  temperature  of  54°  F.  arc  as 
follows  : 

Copper 1         Iron* 7.5 

Gold ,    1.4      Lead,. 11 

Zinc* 3.7       Pla*mum 11.3 

Mercury  (at  57*) 50.7. 

The  converse  of  resistance  is  conduction. 

The  following  table  of  the  relative  conductibility  of  metals  at  32**  F 
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I  Is  taken  from  Latimer  Clark,     It  will  be  perceived  that  it  varies  some, 
what  from  the  above  table  of  relative  resistances  : 


Silver loo 

Copper  (pure). 99.9 

**  selected  (commer- 
cial)  85  to  95 

Copper,    ordinary     (commer  - 

cial) 40  to  70 

Brass ao 

Gold 78 


Zinc 39 

Steel 16 

Iron 15 

German  silver 12  to  15 

Tin r2.4 

Lead 8.3 

Platinum 6.9 

Mercury ♦. .  1.6 


It  will  be  seen  that  both  estimates  agree  in  making  copper  and  silver 
the  best  conductors,  and  for  that  reason  copper-wu-e  is  so  much  used 
in  making  battery  connections.  In  both  tables  platinum  stands  low  in 
conductibility,  and  for  that  reason  platinum-wire  is  used  when,  as  in 
galvano-cautery,  it  is  required  to  generate  heat  by  passing  the  current 
through  a  resisting  medium.  If  mercury  could  be  made  in  the  form 
of  a  wire  it  would  of  course  be  better  than  platinum,  since  its  resist- 
ance is  somewhat  greater.  Bismuth,  graphite,  and  coke  rank  still  lower 
in  conducting  power  tlian  mercury.  The  resistance  of  liquids  is  enor- 
mous. Thus,  taking  copper-wire  at  32**  F.  as  r,  the  resistance  of  a 
saturated  solution  of  sulphate  of  copper  at  48°  F.  is  16.885.520;  ditto 
of  chloride  of  sodium  at  56°  F.,  2.903.538;  ditto  of  sulphate  of  zinc, 
15.861.267;  sulphuric  acid  diluted  to  ^  at  68°  F.,  1.033.020;  nitric 
acid  at  55°  F.,  976.000;  distilled  water  at  59°  F.,  6.734.208.000. 

It  has  been  estimated  that  the  human  body,  by  virtue  of  the  salts 
which  it  contains,  conducts  15  <3r  20  times  bdter  than  water ^  provided 
the  skin  be  fully  moistened ;  and  that  cupper  conducts  from  three  to 
four  hundred  million  limes  better  than  the  human  body. 

Effects  of  Temperature  Oft  Resistance, — Resistance  is  more  or  less 
modified  by  temperature. 

Between  i*  and  100^  C.  the  relative  conducting  power  of  the  metals 
remains  the  same ;  at  loo'^  metals  lose  about  30  per  cent,  of  their 
conductibility  as  compared  with  0°  C. ;  but  this  varies  with  ditferent 
metals.  Conductivity  is  increased  by  annealing.  Non-metallic  sub- 
stances increase  in  conductivity  as  they  rise  in  temperature.  Water, 
for  example,  when  heated  conducts  better  than  water  cold.  When  a 
current  passes  from  a  liquid  to  a  solid,  or  vice  versdj  the  resistance  is 
VCT)*  great- 
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All  Resistance  relative. — No  substances  absolutely  resist  the  paiiAg^l 
of  electricity ;  even  resin,  glass,  and  sulphur,  the  worst  conductors,  dc 
conduct  a  slight  current,  as  can  be  proved  by  a  very  delicate  galvano- 
meter. 

No  perfect  Conductor. — Even  the  best  conductors,  as  copper  and 
silver  and  gold,  are  imperfectly  so  ;  they  all  resist  the  current  more  or 
less. 

This  can  be  shovra  with  the  galvanometer,  which,  when  brought  di- 
rectly into  the  circuit,  shows  a  deflection  of  the  needle.  When  short 
wires  of  copper  or  silver  are  interposed  the  deflection  is  lessened. 

If  we  now  comprehend  the  terms  ekctto- motive  force  and  resistance^ 
we  shall  have  no  difficulty  in  comprehending  the  term  quantity,  for, 
according  to  Ohm's  law,  the  quantity  varies  directly  as  the  electro-mo- 
tive force  and  inversely  as  the  resistance. 

The  quantity  of  electricity  is  the  amount  which  passes  thr(ntgh  the 
circuit  in  any  given  time. 

This  depends,  according  to  Ohm's  law,  on  two  factors — the  electro- 
motive force  and  the  resistance.  The  quantity  varies  directly  as  the 
electro-motive  force ;  and  if  there  were  no  resistance,  quantity  would 
be  precisel}'  the  same  as  electro-motive  force.  But  the  quantity  varies 
inversely  as  the  resistance,  and  therefore,  to  find  out  what  the  quantity 
of  any  current  is,  we  divide  the  electro-motive  force  by  the  resistance 
The  fraction  thus  formed  is  the  quantity  or  the  strength  of  the  current, 
as  we  commonly  call  it.  There  are,  as  we  have  seen,  two  kinds  of 
resistance,  that  in  the  battery  and  that  in  the  circuit  outside  of  the  bat- 
tery ;  both  of  these  must  be  taken  into  account  in  estimating  the  relation 
of  the  different  kinds  of  batteries,  and  in  selecting  batteries  for  special 
kinds  of  work.  Let  E  be  the  electro-motive  force,  R  the  resistance 
of  the  circuit  outside  of  the  battery,  r  the  resistance  in  the  battery ; 

E 

then =  Q,  the  quantity  or  strength  of  the  current — the  number 


R*r 


I 


farads  or  measures  of  electricity  that  flow  through  the  circuit  in  a  gi^ 
time.  The  correctness  of  this  mathematical  conclusion  may  be  dem^ 
strated  on  a  galvanometer  that  has  only  a  short  resisting  wire  ;  one  cetf 
will  deflect  the  needle  nearly  as  much  as  one  hundred  cells.  Again, 
when  any  number  of  cells  are  joined  together  with  great  external  resist^ 
ance,  such  as  is  offered  by  a  long^  fine  wire,  or  by  the  whole  human  body^ 
for  example^  the  quantity  of  electricity  that  flows  through  the  eircuii 
will  increase  with  the  increase  in  the  number  of  celts. 

There  is  no  inconsistency  between  these  phenomena.     It  is  indeed  a 
part  of  and  a  conclusion  from  Ohm's  law.     Everything  depends  on  the 


ohm's  law— quantity  or  strength  of  current.    8s 

ixiemal  resistance.  Altliough  in  this  case,  as  in  the  other,  each  added 
cell  brings  in  its  own  internal  resistance  that  counterbalances  the  elec- 
tro-motive force,  yet  the  internal  resistance  bears  so  small  a  proportion 
to  the  large  external  resistance  that  the  quantity  of  electricity  flowing 
through  the  circuit  will  be  pretty  directly  proportioned  to  the  number 
of  cells. 

Stili  keeping  Ohm's  law  before  us,  we  can  demonstrate  this  mathe- 
matically. 

Let  the  electro-motive  force  of  any  cell  be  ro  volts,  and  the  internal 
resistance  be  20  ohms,  and  the  e.xternal  resistance  afforded  by  the 
human  body  10,000  ohms.  The  quantity  of  a  single  cell  could  be  thus 
represented : 


10  electro- motive  (bcre 


% 


wa  itttcnisd  raistanoe,  and  io,cao  ottcmal  resUunce        ro,o90 


gain,  we  may  illustrate  this  as  follows  : 
One  hundred  cells  are  joined  together  and  the  ends  are  connected 
by  a  short  wire.  Let  the  electro-motive  force  of  one  cell  be  10  volts 
or  units  of  electro-raotive  force,  then  the  electro-motive  force  of  100 
ccUs  will  be  1,000  volts.  Let  the  resistance  in  each  cell  be  5  ohms^  or 
units  of  resistance,  then  the  resistance  in  the  100  cells  will  be  500 
ohms.  Let  the  resistance  of  the  short  connecting  wires  be  io,ooc 
ohms :  now,  in  order  to  find  the  number  of  farads  of  electricity — that 
is»  the  quantity  or  strength  of  the  current  that  flows  through  the  con- 
necting wire — divide  the  electro-motive  force  by  the  resistance^  and  we 
have  this  fraction : 

1,000  dectro-inotive  foixfl 


n^eeotcMaluceorwuc,  and  509  raUiaoce  of  battery  ~  10,500 

This  fraction  reduced  =  ^  a  little  more  than  -^^  which  fraction  rep- 
resents the  quantity  of  electricity  that  flows  through  the  wire. 

We  may  illustrate  this  law  by  supposing  a  current  of  water  passed 
through  an  ordinary  syringe.  The  quantity  of  water  that  flows  through 
the  tube  will  be  directly  proportioned  to  the  force  with  which  it  is 
oiged  forward  by  the  piston  ;  this  force  would  correspond  to  electro- 
motive force.  The  friction  will  correspond  to  the  internal  and  ex- 
ternal resistance  of  the  battery.  Now  if  we  divide  the  one  by  the 
other,  we  have  the  quantity  of  water  which  in  a  given  time  flows 
through  the  tube,  or  the  strength  of  the  current  In  this  way  we  can 
find  the  number  of  cubic  inches  of  water  that  flow  through  the  tube  in 
a  second  of  time,  just  as  we  can  And  the  number  of  farads,  or  units  of 
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quantity  of  electricity,  that  flow  through  a  circuit.  It  follows  from  all 
this,  of  course,  that  if  the  electro-tnotive  force  be  very  greatly  in- 
creased, the  resistance  being  the  same,  the  quantity  must  be  increased  j 
but  if  the  resistance  be  increased  in  proportion  to  the  increase  of  the 
electro-motive  force,  the  quantity  will  not  be  any  greater. 

Absolute  Quantity  and  Actual  Quantity. — It  also  follows  that  the 
absolute  quantity  of  any  battery — the  amount  that  it  is  capable  of 
generating — may  be  very  much  greater  than  the  actual  quantity  that 
it  sends  through  a  circuit.  Everything  depends  u|>on  the  resisUmtt^ 
whether  it  be  small  or  great. 

Relation  of  Quantity  to  Electro-therapeutics. — It  is  important  to  know 
how  to  ascertain  the  quantity  of  electricity,  for  nearly  all  of  the  lead- 
ing actions  of  electricity  depend  on  quantity.  It  is  quantity  that 
deflects  the  needle  of  the  galvanometer,  and  quite  accurately  mea- 
sures the  current  that  passes  tlirough  the  wires  that  surround  the 
needle.  It  is  quantity  that  decomposes  chemical  substances,  as  watett 
salts,  the  human  body,  etc.  Hence,  electrolytic  operations  largely 
depend  on  the  quantity  of  electricity  that  flows  through  the  tissues 
acted  on.  It  is  quantity  that  accomplishes  much  of  the  therapeutical 
effect  of  tlie  different  forms  of  electrization — although  tension  alone, 
with  very  small  quantity,  may,  as  in  the  case  of  frictional  or  frank- 
linic  electricity,  be  capable  of  therapeutical  effects.  Franklinic  clcc-  i 
tricily,  however,  relieves  and  cures  disease  by  changing  the  electrical 
condition  of  the  patient,  by  giving  a  positive  or  a  negative  charge, 
more  than  by  the  passage  of  the  current  through  the  body,  and  the 
consec[uent  electro-tonic  and  chemical  changes.  Ordinary  faradic  or 
galvanic  electricity,  on  the  other  hand,  does  not,  as  many  supiwsc, 
charge  ihe  patient  with  electricity,  and  does  not,  by  its  direct  action, 
leave  any  more  electricity  in  the  body  than  it  finds  there.  If  they 
increase  or  diminish  the  natural  electricity  of  the  body,  it  is  indirectly 
through  the  effect  of  quantitj-  of  electricity  passing  through  the  tissues 
and  improving  nutrition. 

Under  this  head  come  these  important  practical  conclusions: 

First,  If  any  large  number  of  cells  every  way  similar  are  joined  in 
a  SHORT  CIRCUIT  by  large  connecting  wires^  and  witlwut  any  other  ex* 
ternal  resistance^  there  will  be  no  more  quantity  of  electricity  ftomimg 
than  if  a  small  number  of  similar  cells  were  so  joined. 

Although  each  additional  cell  increases  the  electro-motive  force,  yet 
it  also  increases  the  resistance,  as  we  have  already  seen,  and  this  in- 
crease of  resistance  will  counterbalance  the  increase  of  electro-motive 
force,  so  that  the  quantity  of  electricity  that  flows  through  the  circuit 
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By  a  law  previously  explained,  the  nsistance  varus  inversely  as  tit 
square  of  the  section.  For  convenience  sake,  we  will  suppose  the  re» 
sistance  of  the  large  cell  to  be  -^  that  of  the  small  ones — that  is  2— 
and  Ohm's  law  will  give  us  the  following  fraction : 

100  X  10  «s  1000  (clectro-qiQtiyc  (oree)      _   looo  _    lo 
io,ow>  (cjttenial  mutiuKe)  too  h  a  =  »oo  ~  loaoo  ~  to* 

— a  fraction  that  is,  it  is  true,  a  little  larger  than  -j*,,  but  not  enough 
be  worth  considering. 

The  same  truth  may  be  shown  by  a  galvanometer  that  has  a  long 
resistance-coil.  If  the  iluid  be  raised  just  a  little,  so  that  elements  arc 
just  immersed  and  the  poles  are  connected  with  such  a  galvanometer, 
a  certain  deflection  of  the  needles  will  take  place,  accordmg  to  the 
number  of  cells ;  if  now  we  raise  the  fluid  still  higher,  so  that  all  th€ 
elements  are  immersed,  and  four  or  five  times  as  much  surface  is 
brought  into  action  in  each  cell,  the  needles  will  not  be  mucli  more 
deflected,  but  will  remain  at  nearly  the  same  point  where  it  was  when 
the  elements  were  first  immersed.  This  is  an  experiment  that  we 
have  made  repeatedly. 

For  the  galvanometer  substitute  the  human  body  from  the  hand  to 
the  legs,  and  we  can  understand  the  great  fact  that  large  cells  do  nH 
send  more  quantity  of  electricity  through  the  body  than  small  celts  0/ 
similar  character. 

From  all  these  demonstrations  we  see  that  it  is  with  electricity  as 
with  money — the  absolute  quantity  that  any  man  may  give  may  be  a 
very  small  fraction  of  the  actual  quantity  that  he  can  be  made  to  give. 
A  millionaire  has  a  far  greater  quantity  of  money  than  one  who  has 
only  a  thousand  dollars,  but  the  one  may  not  give  a  dollar  any  easier 
than  the  other.  Under  great  pressure  the  nnllionaire  may  give  a 
thousand  times  more  than  the  poor  man,  jijsl  as  a  battery  of  large  cells 
may,  before  small  resistance,  send  a  very  much  larger  quantity  of  elec- 
tricity than  a  sinular  battery  of  small  cells ;  bat  when  there  is  great 
resistance  it  may  send  very  little,  if  any,  more. 

In  electro-therapeutics,  as  in  telegraphy,  electro-metallurgy,  and 
other  uses,  large  cells  have  this  advantage,  that  they  last  longer  and 
do  not  require  so  frequent  cleaning  and  filling. 

Although  they  cannot  in  a  given  time  send  through  the  human  bod> . 
Or  tong  lines  of  wires,  any  more  quantity  of  electricity  than  small  cells, 
yet  their  reserve  quantity  is  much  greater,  and  in  proportion  lo  their 
site  they  will  hold  out  longer  and  keep  up  a  more  uniform  current. 
The  poor  man  may  give  five  dollars  as  easily  as  the  millionaire,  but 
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r  great  pressure  the  millionaire  can  keep  on  giving  out  five  dollars 
after  the  resources  of  the  poor  man  are  exhausted 
Lrge  cells  may,  for  electro-therapeutical  puq>oses,  have  the  advan- 
of  steadiness  of  current ;  there  w^ould  appear  to  be  less  jfucfua/ion' 
e  strength  of  the  current  from  moment  to  moment  than  when  the 
are  smalL 

small  cells  the  degree  of  the  internal  resistance  and  the  extent  of 
:hcmical  action  may  vary  more  or  less  from  moment  to  moment, 
g  to  the  polarization  of  the  elements  and  the  deposition  of  the 

in  the  solution.     This  fluctuation  is  most  marked  in  batteries 

B  the  action  is  very  energetic.     Small  single  cells,  especially  the 

carbon  batteries,  lose  much  of  their  power  during  a  long  opera- 

Tfie  popular  notion  that  large  cells  have  a  therapeutic  advan- 

PCr  small  cells  by  sending  a  larger  quantity  of  electricity  through 
)f  is,  in  the  light  of  Ohm's  law,  as  well  as  in  the  light  of  expe- 
trroneous. 
)n^ly^  For  the  electro-chemical  decomposition  of  water,  salts,  and 
BvA  body  {electrolysis),  a  considerable  number  of  cells  of  medium 
Imther  very  large  nor  very  small,  and  in  which  the  chemical  action 
Wfrful,  are  required. 

le  resistance  of  the  limited  portion  of  the  human  body  usually 
itted  to  electrolytic  operation  is  great,  though  not  so  great  as  that 
e  whole  body ;  and  as  we  have  seen,  before  a  great  resistance, 
large  cells  give  no  greater  quantity  in  a  given  time  than  cells  of 
jiate  size.  If  the  cells  are  too  small,  however,  they  will  soon 
me  exhausted.  For  electrolytic  operations,  the  ordinary  zinc-car- 
M"  Walker's  batteries,  as  manufactured  in  this  country  by  the  Gal- 
4aradic  Manufacturing  Co.,  Kidder  and  others,  answer  very  ex- 
Btly  most  of  the  purposes  of  electrolysis.  They  have  more  electro- 
re  force  than  Smee's  elements,  and  although  not  as  enduring,  they 
^vc  a  greater  quantity  of  electricity  for  a  short  time,  which  is  of 
«  the  great  requisite  in  electrolytic  operations.  The  resistance 
^cin  is  very  great,  but  in  electrolysis  the  needles  go  beneath  the 
Hd  are  placed  near  each  other.  The  resistance  is  very  much 
EiD  in  external  applications  when  the  electrodes  are  far  apart ; 
p  it  is  an  advantage  in  electrolysis  to  have  cells  of  good  size, 
^  not  of  tlie  largest. 

mrthly.    IVhcn  a  short  platinum-wire  in  a  short  circuit  is  to  be 
^t<tt  in  galvano-cautery  operations,  a  very  few  large  cells  or  a 
Bft^  large  cell  is  preferable  to  a  large  number  of  small  cells. 
I^ict  has  long  been  practically  recognized,  and  all  the  batteries 


: 
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for  galvano-cautery  operations  are  constructed  on  this  principle, 
reason  for  this  is  not  so  well  understood ;  Ohm's  law  gives  us  the 
planation. 

Platinum-Mrire,  though  it  resists  the  current  very  powerfully  as  < 
pared  with  silver  or  copper  wire,  yet  offers  a  very  small  resistance 
compared  with  water  or  the  human  body,  or  vtry  long;  wire  of  any  kii 
Hence,  in  the  galvano-cautery  instruments,  the  external  resistance 
small,  being  not  very  much  greater  than  the  internal  resistance  of  I 
batteries,  perhaps  not  so  great     Now,  before  a  large  external  re 
ancc — the  human  body,  or  very  long  coils  of  wires — the  surface  ( 
elements  is  used  at  the  best  advantage  when  cut  up  into  small  i 
before  a  small  resistance,  the  surface  of  the  elements  is  used  at 
best  advantage  when  cut  up  into  a  few  large  cells,  or,  if  the  extc 
resistance  be  very  slight  indeed,  a  single  large  cell  will  be  better; 
we  have  previously  shown  that,  in  a  short  circuit,  one  cell  gives 
much  quantity  of  electricity  as  one  hundred,  or,  indeed,  any  nmnber  ( 
cells. 

Let  us  suppose  loo  small  cells;  let  each  cell  have  an  clectromotif 
force  of  lo  volts  and  a  resistance  of  20  ohms.     Let  there  be  cnclc 
in  a  circuit  the  human  body,  or  a  very  long  coil  of  fine  wire,  that  giv 
a  resistance  of  10,000  ohms.     Then,  according  to  Ohm's  law,  we  have 
the  following  fraction  : 

IPO  «  10  =  fooo  dectrft-mouve  force  t 


lo^oao  extenul  reatMauioe  too  tt.^*»—  aooo  intcnul  rMwtaitc*        %-m 

which  represents  the  quantity  of  electricity  that  flows  through  the 
circuit  Suppose  now  one  cell  of  the  same  character,  but  very  much 
larger,  sends  a  current  in  a  short  circuit — through  a  short  platinum^ 
wire,  such  as  is  used  in  the  galvano-cautery  for  cauterizing  surfaces* 
Suppose  the  external  resistance  of  this  short  circuit  be  9  ohms.  The 
electro-motive  force  of  the  large  cell  is  no  more  than  that  of  the  small 
cell ;  the  internal  resistance  of  the  battery  is  very  much  less,  for,  as  we 
have  seen,  the  resistance  diminishes  as  the  surface  increases.  For 
convenience  sake,  we  will  suppose  the  internal  resistance  of  the  large 
to  be  ^  that  of  the  small  cell — that  is,  i.  Now,  dividing  llic  clectro- 
niotive  force  by  the  resistance,  according  to  Ohm's  law  we  have  this 
result : 

»o  rf«ctro-rnotiv»  force  lO       _ 

; : 1 ; : «  —  »t 

9  extrmal  ruuunoc  ♦  i  tntenuU  reu^Bncv       to 

the  quantity  of  electricity  that  flows  through  the  circuit,  or  twelve  timet 
u  much  as  with  xoo  small  cells. 


by  the  resistance,  we  have — 

ID  dcctn^Tnouvc  force 


19  external  resistance  ■•■  i  internal  resistance      so      a 


r,  one-half  the  quantity  of  electricity  that  there  was  when  a  short 
um-wire  was  in  the  circuit.  Very  likely  this  would  not  be 
h  to  heat  the  wire  and  keep  it  hot  during  a  long  operation. 
law  comes  to  our  rescue,  and  helps  us  out  of  this  as  of  so  many 
difficulties.  Cut  up  the  one  large  cell  into  two  cells,  and  inter- 
he  long  fine  platinum-wire  in  the  circuit  The  electro-motive 
will  be  doubled,  the  external  resistance  will  be  the  same ;  but 
temal  resistance  will  be  greater  because  the  surface  is  diminished, 
iding  the  electro-motive  force  by  the  resistance,  our  fraction 
thus: 

90  electfo-Biotive  force  ao 


19  external  resistance  -f  4  internal  resistance      aj 


is  nearly  double  the  quantity  of  electricity  sent  through  the  long 

y  a  single  cell.     Thus  is  explained  the  fact  that  the  best  galvano- 

y  batteries  are  arranged  so  as  to  be  thrown  into  one  large  cell, 

:  up  into  several  cells,  according  as  a  short  or  long  wire  is  to  be 

L 

as  been  found  by  experiment  that  the  heat  developed  by  the  current 

•  wire  is  proportioned  to  the  squares  of  the  quantity  of  electricity 

9ws  through  it. 

I  is  demonstrated  by  passing  a  current  through  platinum-wires  m 

le  of  alcohol.    The  heat  is  communicated  to  the  alcohol,  and  the 

wneter  shows  the  temperature.     It  is  found  if  a  current  of  a  cer- 
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of  electricity  constant  at  a  fixed  point,  and  then  inserting  platiDU 
wires  of  different  lengths  into  the  bottle. 

From  all  this  it  follows  that  batteries  for  galvano-cautery 
have  large  surfaces  and  a  small  number  of  cells,  and  that  they  sho 
be  arranged  so  that  the  surface  may  be  used  as  one  or  two  cells  i 
cut  up  into  four  or  six,  according  as  short  or  long  wires  are  to 
heated. 

Fifthly.  It  follows  thai  the  dose  of  an  electrical  apf>lication  cantifit\ 
be  accurately  described  by  stating  the  number  of  cells  and  the  length  »f 
the  sitting. 

This  conclusion  is  an  important  one,  and  for  want  of  a  knowledg 
it  electro-therapeutists  continually  blunder. 

Supposing  now  that  we  are  treating  a  patient  locally  or  centrally  bf 
the  galvanic  current,  and  we  desire  to  transfer  the  patient  to  another j 
physician.  We  inform  the  physician  to  whom  the  transfer  is  made,  th 
we  are  treating  the  patient  with  ten  cells  for  ten  minutes,  and  we  desife| 
that  he  should  continue  to  give  the  same  dose.  In  the  light  of  Ohm't 
law,  let  us  see  what  such  instructions  are  really  worth.  The  quartti^ 
of  electricity  that  passes  through  the  patient  in  a  minute  is  equivalenti 
to  the  electro-motive  force  divided  by  the  resistance ;  multiply  the  quo»l 
tient  thus  obtained  by  ten,  and  we  have  the  dose  of  electricity  that  I 
patient  receives  in  ten  minutes.  If,  now,  all  the  factors  that  deterrnioel 
the  electro-motive  force  and  the  external  and  internal  resistance  wereJ 
constant  and  were  accurately  known,  and  if  they  were  the  same  for  alll 
batteries  and  all  modes  of  application,  then  the  dose  thus  ordered] 
would  be  a  mathematical  one,  and  could  be  mathematically  followed.! 
No  forms  of  error  are  so  erroneous  or  so  illusorj-as  those  that  approach! 
us  under  cover  of  facts  and  figures.  In  our  very  attempt  to  be  accurAtel 
we  stumble  into  gross  inaccuracy.  Had  we  left  the  whole  matter  to  thcl 
judgment  of  the  physician,  with  some  general  suggestions  as  to  the  su9*| 
ceplibility  of  the  patient,  we  should  have  come  far  nearer  the  truth,  as ! 
will  be  apparent  by  the  following  considerations. 

The  electro  motive  force  varies  in  different  batteries,  and  in  the  same 
battery  at  different  times.  Grove's  battery,  for  example,  has  four  timet 
the  electro  motive  force  of  Smee's  battery  in  action,  and  twice  the  dec- 
tro-molive  force  of  zinc  and  copper,  or  DanicU's  battery.  Then,  again, 
the  electro-motive  force  will,  in  some  batteries,  as  Smee's  or  Walker's, 
fall  off  during  an  application  j  and  in  all  batteries,  however  constnictcd, 
the  electromotive  force  varies  at  different  times,  from  causes  not  yet 
determined. 

But  the  clectro-niotive  force  is  constancy  itself  in  comparison  with 
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wet  sponge  is  lightly  pressed  it  conducts  but  little,  and  its  conduciintf 
increases  with  ihe  pressure.  Firm  pressure  moistens  the  skin  mm 
thoroughly,  and  thus  increases  its  conductivity,  and  at  the  same  timtil 
brings  into  coaptation  all  parts  of  the  sponge,  so  that  it  becomes  ttfl 
saturated. 

5  th.  The  position  and  extent  of  the  body  included  between  the 
trodes.  This  factor  is  a  most  important  one,  and  it  has  been  uiafr 
countably  overlooked  in  all  discussions  on  this  subject  The  ' 
in  the  conductivity  of  the  bones  a.nd  soft  tissues  is  all  the 
between  twenty  and  one,  and  in  all  parts  the  conductivity  is 
by  age,  by  temperament,  and  by  disease.  The  resistance  of  the 
body,  from  one  hand  to  the  other  through  the  shoulders,  is  about  seta 
or  eight  times  the  resistance  of  the  Atlantic  cable,  and  the  re^ 
the  whole  length  of  the  body,  from  the  head  and  shoulders  to 
is  probably  greater  than  that  But  the  resistance  of  any  limited  poftMH 
of  the  body,  as  the  head,  or  spine,  or  cervical  sympathetic 
mogastric,  or  individual  muscles  or  nerves,  must  be  only  a 
part  of  the  resistance  of  the  whole  body.  Other  conditions  being  Of 
same,  the  nearer  the  electrodes  are  to  each  other  the  less  the  resJsJinct 
This  may  be  illustrated  by  an  experiment  that  we  have  frequently  ad 
If  one  electrode  be  put  in  the  vagina  and  the  other  in  the  rectum,  aciil< 
rent  of  but  two  or  four  cells  may  be  painfully  felt;  but  if  one  of  ibe 
electrodes  is  placed  externally  on  the  back  or  hy])ogastrium,  a  ciinert 
of  a  dozen  or  more  cells  may  be  scarcely  perceived.  The  same  cxpco* 
ment  may  be  tried  on  the  back  ;  placing  one  pole  on  the  nape  uf  tis 
neck  and  the  other  at  the  lower  end  of  the  spine,  a  current  that  is  jn* 
perceptible  at  first,  as  the  electrodes  approach  each  other  bccomci 
positively  unbearable. 

6lh.  The  length  of  the  application.     When  the  galvanic  cnrrcol  i»' 
first  applied  to  the  body  by  wet  sponges,  but  little  sensation  la  e; 
enced  on  the  skin  ;  but  in  the  course  of  a  few  seconds  a  burning 
felt,  that  increases  with  the  length  of  the  application.     This  is  exj: 
in  part  by  the  chemical  changes  that  take  place,  and  in  part  by  the 
that  as  the  skin  becomes  more  and  more  moistened  by  the  pre&saie 
the  wet  sponge,  and  the  skin  under  the  electrode  becomes  more  aaii 
more  congested,  the  resistance  is  diminished.     Consequently,  IoiobI 
the  close  of  even  a  ver)'  short  apphcation,  more  electricity  passes, 
other  conditions  being  the  same,  than   at  the   beginning.      On 
account  it  frequently  becomes  necessary  to  reduce  the  number  of 
during  the  silting,  especially  when  the  electrodes  are  kept  all  the 
on  one  spot     Thus  it  becomes  clear  that  any  attempt  to  prescribe 
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dose  of  electricity  by  the  number  of  cells,  in  ordinary  external  applica* 
tions  to  the  body,  must  fail  of  its  object.  In  electrolysis,  where  the 
,  needles  are  always  united,  near  to  each  other  and  under  the  skin,  the 
chances  for  error  are  not  so  great,  since  there  is  much  less  variation  in 
tile  resistance.  If,  in  describing  an  electrolytic  operation,  we  specify 
tfie  kind  and  number  of  cells  used,  and  the  mode  and  length  of  opera- 
tk>ii,  we  convey  a  tolerably  correct  idea  of  what  was  really  done.  The 
time  may  come  in  the  advance  of  science,  after  physiology  shall  have 
found  its  Newton  to  reduce  its  present  chaos  to  order  and  law,  when 
it  shall  be  possible  to  prescribe  so  many  farads  of  electricity,  repeated 
tiiree  times  a  week,  as  we  now  prescribe  so  many  grains  of  bromide  of 
potassium,  or  so  many  drops  of  laudanum,  repeated  three  times  a  day ; 
but  for  the  present  we  can  rest  assured  that  when  we  describe  the  cur- 
rent that  we  employ  as  miidy  or  medium^  or  strongs  and  have  stated  the 
method  and  length  and  frequency  of  application,  we  have  attained  all 
tiie  accuracy  that  science  will  allow. 

Although  the  above  statements  have  reference  only  to  the  galvanic 
coxrent,  they  just  as  truly  apply  to  the  faradic  ;  for  induced  as  well  as 
galvanic  electricity  is  subject  to  the  law  of  Ohm.  One  diflference,  bow- 
ever,  should  be  noted,  that  on  account  of  the  slighter  chemical  action 
of  the  faradic  current  the  resistance  of  the  skin  beneath  the  electrodes 
does  not  diminish  with  the  length  of  the  application.  For  the  above 
reasons  the  graduated  scales  that  accompany  some  of  the  faradic 
machines  for  electro-therapeutics  are  of  but  little  practical  value. 

Finally,  Ohm's  law  explains  the  fact  of  observation,  that  when  the 
poles  of  a  galvanic  battery  are  metallically  connected,  the  chemical 
action  in  the  battery  is  greatly  increased  and  the  plates  rapidly  de- 
stroyed. The  metals  being  better  conductors  than  the  body,  conduct 
a  much  greater  quantity  of  electricity ;  and  as  the  potential  quantity  of 
electricity  that  any  battery  is  capable  of  generating  is  limited,  then 
iHien  the  resistance  between  the  poles  is  least,  the  action. must  be 
Itrongest,  and  the  metals  the  most  rapidly  consumed.  Neglect  in  this 
negard  causes  the  premature  destruction  of  many  batteries. 
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RELATION  OF    ELECTRO-PHYSIOLOGY  TO    ELECTRO-THERAPEUTICS— 
ANIMAL  ELECTRICITY. 

JEUctro-physiology  is  the  science  which  treats  both  of  the  taws  of 

timal  electricity,  and  also  of  the  phenomena  produced  by  the  action  of 
iectricity  on  the  body  in  health.  We  propose  to  present  this  subject 
compactly  as  possible,  and  consequenily  shall  speak  only  of  those 
lets  that  are  necessary  for  a  true  appreciation  of  the  science,  and 
hiefly  of  those  that,  directly  or  indirectly,  have  a  practical  bearing  on 
Icctro-lherapeutics. 

Impvrtartce  of  a  Knowledge  of  Electro-physiology  to  the  Electro-thero' 
\€uiist. — It  is  of  course  possible  to  use  electricity  successfully  in  thera- 
leutics  without  any  thought  of  its  physiological  action,  and  thousands 
lave  so  used  it  It  is  possible  to  relieve  pain  of  almost  ever)'  variety, 
iod  to  cure  any  of  the  curable  forms  of  paralysis,  without  understanding 
^u^bing  of  the  action  of  electricity  on  nutrition  or  on  tlie  normal  mus- 
^^m  Any  old  country  granny,  the  stupidest  of  nurses,  an  infant  even, 
bold  two  sponges  on  a  part  of  the  surface  of  the  body,  and  let  the 
torrent  run.     Those  who  aim  no  higher  than  this — the  indiscriminate 

»lding  of  electrodes  on  patients — need  give  no  thought  to  electro- 
bysiotogy ;  need,  indeed,  waste  no  time  on  this  or  on  any  other  work  of 
lectro-therapeutica  :  they  do  not  even  need  to  trouble  themselves  with 
le  details  of  the  applications,  but  have  simply  to  delegate  them,  with- 
felt  reserve,  to  the  nearest  nurse  or  clodhopper.  Those,  we  assert,  who 
m  no  higher  than  this  will  fall  short  of  even  that :  their  success  in 
ilie^ing  symptoms  by  electrization  will  be  so  capricious  and  illusory, 
bU,  in  time,  they  will  abandon  the  attempt,  allow  their  battery  to  grow 
fcsty  in  the  garret,  and  thenceforth  they  will  condemn  and  despise  sci- 

itific  and  successful  electro-therapeutists. 

The  electro-therapeutist,  above  all  others,  should  start  out  under  the 
isptration  of  the  motto  of  the  late  President  D wight :  "  Aim  high,  for 
ou  will  be  sure  to  come  short  of  your  aim."  To  apply  electricity  after 
lanoer  of  nurses  and  "  rubbing  doctors,"  is  not  using  it,  but  abus^ 
it. 
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Those  who  aspire  to  mastership  in  electro-theraiJeutlcs  will  not  be  c 
tent  with  the  mere  attempt  to  relieve  symptoms ;  they  will  seek  to  s^ 
those  most  complex  and  subtle  diseases  for  the  treatment  of  which  c)e 
tricty  is  indicated  ;  they  will  resort  to  this  force  for  diagnostic  as  well  i 
therapeutic  aid  ;  they  will  strive  to  know  not  only  how  to  use  it,  but,  wh 
is  more  difficult,  how  not  to  use  it     He  only  can  reap  the  full  and  i 
harvest  of  electro-therapeutical  science  and  art  who  sows  beside 
waters  ;  he  must  become  more  or  less  proficient  in  neurology,  in  elect! 
physics,  and  in  electro-physiology.     He  who  has  a  knowledge  of 
laws  of  animal  electricity,  and  the  actions  and  reactions  of  franklir 
galvanic,  and  faradic  electricity  on  the  brain,  spinal  cord,  and  syuif 
thetic  ;  on  the  nerves  of  motion  and  of  common  and  special  sense  ;  ( 
voluntar)'  and  involuntary  muscles ;  on  the  skin,  and  on  all  tlie  va 
passages  and  organs  o(  the  body  in  health,  and  also  oi  the  electro 
ductivily  of  the  body,  will  find  the  paths  of  electro-diagnosis  and  of  elc 
tro-therapeutics  illumined  at  every  step  by  such  knowledge,  and  will, 
the  end,  make  more  correct  interpretations  of  disease   tlian    he  wlj 
merely  holds  electrodes  on  patients  without  any  higher  aim ;  and  i 
tlian  that,  he  will  be  introduced  into  a  field  of  thought  and  experiment- 
a  field  surpassingly  rich  and  fruitful,  and  l)ing  in  close  relation  to 
departments  of  physiology,  of  pathology,  and  of  biology,  where  he  i 
study  science  for  its  own  sake,  without  regard  to  its  immediate  practic 
value. 

In  the  above  remarks  we  do  not  wish  to  be  understood  as  sul 
ing  to  the  notion,  quite  popular  among  some,  that  electro-lherapeulk 
must  be  based  on  electro-physiology ;  very  far  from  it ;  the  two  scienc 
are  closely  related  and  are  of  reciprocal  assistance,  but  one  is  not  bu 
up  on  the  other.     Neither  are  exact  sciences,  and  may  never  becc 
such.     Pathology,  though  it  is  but  "  the  shady  side  of  physiology/* 
so  complicates  tlierapeutics  that  electro-physiology  cannot  become 
reliable  basis  for  electrotherapeutics.     The  two  sciences  are  pursue 
mainly  by  different  methods :  electro-physiology  is  a  science  of  cxp 
ment;  electro-therapeutics  is  a  science  of  experience. 

Electro  physiology  largely  Studied  by  Experiments  on  the  Living  i 
man  Subject. — An  advantage  of  great  import  to  electro-physiolog)*,  i 
one  that  especially  commends  it  to  the  electro-therapeutist,  is  that  it] 
largely  based  on  experiments  made  on  the  living  human  subject.     Tr 
enough,  thousands  of  frogs  have  given  up  their  lives  in  the  elcctro-pbjf 
ological  laboratory,  and  dogs  and  cats,  rabbits  and  guinea-pigs,  rats, : 
monkeys  even,  have  been  subjected  to  electric  tests  while  living,  in  1 
and  uninjured,  while  dying,  and  when  dead ;  but  some  of  the  m^ 
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I  interesting  and  suggestive  phenomena  of  this  science,  those  which  have 
'  the  nearest  practical  relation  to  electro-therapeutics,  can  be  best  studied 
[  on  the  living  human  subject,  and  without  injuring  the  subject  experi- 
mented on.      This  is   the  supreme   advantage   of  the   study  of  the 
I  physiological  action  of  electricity  over  the  study  of  the  physiological 
tion  of  the  majority  of  drugs.     The  objection  so  often  made  against 
periments  made  with  medicines  on  inferior  animals,  that  they  do  not 
*  teach  the   action   of  such  medicines   on  the  human  body  in  disease, 
cannot*   therefore,  apply  to   electro-physiology,    except   to   a   limited 
degree. 

Not  a  few  of  the  physiological  reactions  of  the  human  body  to  elec- 
f  tricity  can  be  studied  while  making  therapeutical  applications.  The 
'  reaction  of  voluntary  muscles,  of  the  motor  and  sensory  nerves,  of 
some  of  the  nerves  of  special  sense,  to  electricity,  and  the  general  effects 
of  electricity  on  nutrition,  are  taught  us  every  time  we  electrize  a  patient 
by  any  of  the  familiar  methods  of  application.  Electro-physiology  and 
electro-therapeutics  thus  go  hand  in  hand. 

The  Localization  of  Eledricity  in  the  Body  an  Advantage  in  Studying 
its  Physiological  Effect. — The  drugs  with  which  we  experiment  on  ani- 
■  mals,  in  order  to  learn  their  physiological  action,  are  usually  absorbed 
and  carried    through  the  whole  system  ;  to  confine  their  action  to  any 
part  or  member  is  impossible.      If  they  select  any  organ  on  which  to 
expend  their  force  in  preference  to  other  parts,  it  is  by  virtue  of  their  in- 
I  herent  affinity  for  such  organ,  and  not  from  any  power  in  the  experimenter 
to  confine  thcra  there.     But  electricity  can,  to  a  certain  extent,  be  local- 
ized in  a  muscle  or  nerve,  or  in  some  special  organ  ;  thus  its  effects  can 
be  studied  with  greater  precision  and  certainty  than  the  effects  of  drugs 
tatexTially  administered.     Thus  the  physiological  action  oi  electricity  has 
[  a  specially  practical  bearing  on  its  therapeutical  action. 

Animal  Electricity  is  the  Electricity  that  exists  in  Animal  Bodies. 

I  Electric  Fishes, — The  most  remarkable  display  of  animal  electricity 

'  appears  in  certain  varieties  of  fishes.     At  a  very  early  period  it  was 

known  that  a  certain  flat  fish  had  not  only  the  power,  when  touched,  to 

give  forth  shocks,  but  could  impart  to  other  bodies,  for  some  distance 

I  through  the  water,  a  benumbing  influence.     This  phenomenon  was  first 

'  proved  by  actual  experiment  to  be  of  an  electrical  nature  as  early  as 

1773  ;  and  soon  after,  by  means  of  a  number  of  Leydt^n  jars,  connect- 

I  ing  with  a  disk  of  leather  or  wood,  either  side  of  which  was  covered  by 

I  tinfoil,  an  artificial  loq^edo  was  constructed.     The  subject  of  animal 

electricity  is  one  of  great  scientific  interest,  and  may  in  time  become 

I  of  direct  practical  value  lo  electro-therapeutics.     This  peculiar  power 
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itk  possessed  only  by  a  small  number  of  fishes,  the  best  known  of  whidi 
4M  tlie  torpedo  or  electric  ray,  the  gymnotus  or  electric  eely  and  tht 
titctru  shad. 

This  development  of  electricity  does  not  take  place  in  all  parts  of 
ike  fish,  but  is  confined  to  a  peculiar  expansion  of  the  nervous  sy5tell^ 
called  the  electrical  organ.  The  nerves  constituting  the  electrical  or- 
gans of  the  torpedo  and  gymnotus  are  of  great  size.  Those  of  the  for- 
mer consist  of  three  principal  trunks,  and  arise  from  the  cerebro-spinal 
SjTStem  ;  while  the  nerves  composing  the  electrical  organs  of  the  latter 
are  derived  from  the  spinal  cord  alone.  As  stated  above,  the  phenom- 
ena produced  by  these  fishes  are  similar  to  those  which  are  obtained 
from  electricity  that  is  artificially  generated. 

If  electric  fishes  are  touched  with  the  hand,  a  shock  is  perceived,  whUe 
if  glass,  resin,  or  any  other  non-conductor  is  intervened,  no  effect  is 
produced. 

Sparks  may  be  drai^-n  from  them  in  the  same  way  that  they  are  drawn 
from  other  bodies  that  are  artificially  charged  with  electricity.  The 
current  obtained  from  them  will  magnetize  steel  needles,  decompose 
water,  and  if  the  needle  of  a  galvanometer  be  brought  into  the  circuit  it 
will  immediately  suffer  deflection,  so  that  the  direction  of  the  current 
may  be  readily  determined. 

The  electric  force  of  the  fish  is  much  weakened  after  it  has  exerted 
its  power  a  number  of  times  in  quick  succession,  and  it  requires  rest 
and  nourishment  to  enable  it  to  recover  its  normal  vigor. 

History  of  the  Discovery  of  Electricity  in  the  Body  of  Man  ana  other 
Animals. — We  have  already  seen  (Electro -Physics,  p.  4S)  that  Galvam 
discovered  in  1786  that  muscular  contraction  follows  the  contact  of  the 
nerves  and  muscles  of  a  frog  with  a  heterogeneous  metallic  arc.  From 
this  observation,  and  from  subsequent  study  of  the  subject,  Galvani  was 
inclined  to  believe  and  to  declare  that  in  the  tissues  of  animals  there 
exists  a  special  independent  electricity,  which  he  called  animal  eltC' 
trifily*  Although  Galvani's  conclusions  were,  as  we  now  know,  not  en- 
lifely  logical,  yet  he  stumbled  on  an  important  discovery  that  was  des- 
llBCd  tp  be  demonstrated  and  confirmed  by  other  and  later  observers. 
*  Tbwo  it  such  a  force  as  animal  electricity,  but  the  experiments  of 
r  ■  i  are  explained  by  contact  of  dissimilar  substances  and  by  the 
A  action  of  the  fluids  of  the  bo<iy  on  the  metals,  and  not  by  the 
electricity  of  the  body. 

fW/toV  Rf searches  have  already  been  given  in  Electro-Physics  (p.  50), 

HumMdfs  Researches. — In  1 799  Humboldt  published  a  work  contain- 
ing the  result  of  many  and  curious  experiments,  the  object  of  which  was 
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to  show  that  both  Volta  and  Galvani  were  right  and  both  wrong ;  that 
there  was  such  a  thing  as  animal  electricity  ;  that  Galvani  was  in  error 
in  regarding  it  as  the  only  form  of  electricity  that  appeared  in  his  ex- 
periments ;  and  that  Volta  was  in  error  in  refusing  to  admit  its  exist- 
ence. 

Aiding s  and Nobilf $  Researches. — In  1803  a  nephew  of  Galvani, 
Aldini,  published  experiments  that  went  to  demonstrate  the  existence 
of  animal  electricity.  The  voltaic  pile,  however,  was  a  stronger  argu- 
ment against  the  existence  of  animal  electricity  than  any  experiments 
could  be  in  its  favor,  and  for  these  reasons  animal  electricity  was  for- 
gotten. 

In  1827  M.  Nobili,  having  constructed  a  very  sensitive  galvanome- 
ter, was  enabled,  as  he  supposed,  to  detect,  without  doubt,  the  exist- 
ence of  an  electric  current  in  the  frog.  He  observed  that  when  the 
needle  was  placed  in  the  circuit  it  deviated  some  30*. 

Researehes  pf  Matteutci  and  Du  Bois-Rtymond. — A  few  years  subse- 
quently, Matteucci  turned  his  attention  to  this  subject ;  but  it  was  re- 
gfcnred  for  Du  Bois-Reymond  to  investigate  most  clearly  and  most 

ly,  if  not  most  conclusively,  the  electric  properties  of  the  nerves  and 

iBcles. 

By  these  two  observers  it  is  believed  to  have  been  shown,  ist.  That 
currents  in  ever>-  respect  like  the  frog-current  of  Nobili,  are  not  peculiar 
to  the  frog,  but  are  inherent  in  all  animals,  warm  and  coldblooded — 
in  toads,  salamanders,  fi-esh-water  crabs,  adders,  lizards,  glow-worms, 
and  tortoises,  as  well  as  rabbits,  guinea-pigs,  mice,  pigeons,  and  spar- 
FOws>     (Du  Bois-Reymond.) 

3d.  That  currents  are  found  in  nerves  as  well  as  muscles,  and  that 
both  are  subject  to  the  same  laws.     (Du  Bois-Reymond.) 

3d.  That  the  current  usually  observed  is  a  muscular  current  that  is 
produced  by  the  muscles,  the  nerves  acting  only  as  inactive  conduc 
tors.     (Du  Bois-Reymond.) 

4th.  That  this  muscular  current  may  be  upward  or  downward,  and 
that  the  current  of  the  whole  limb  is  the  resultant  of  the  partial  cur- 
rents of  each  muscle.     (Du  Bois-Reymond.) 

5  th.  That  these  currents  do  not  depend  on  tlie  contact  of  hete- 
rogeneous tissues,  as  Volta  had  believed,  for  the  nerves,  muscles,  and 
tendons  in  their  electrical  relations  are  homogeneous.  (Du  Bois-Rey- 
mond.) 

6th.  That  electricity  is  found  not  only  in  the  muscles  and  nerves, 
but  also  in  the  brain,  spinal  cord,  and  sympathetic — ^in  motor,  sensory,  and 
mixed  nerves — in  a  minute  section  as  well  as  in  a  large  mass  of  nervous 
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substances — ^in  a  small  fibril  as  well  as  iu  a  large  muscle — in  the  skioi 
sipleen,  testicles,  kidneys,  liver,  lungs,  and  tendons  -  but  not  in  fascix, 
sheaths  of  nerves,  and  sinews. 

7th.  That  animal  electricity  is  capable  of  decomposing  iodide  of 
potassium,  and  of  deflecting  the  needle  of  the  galvanometer,  (\fat- 
teucci.) 

8th.  In  the  muscles  and  nerves  electricity  b  in  the  condition  of  a 
closed  circuit. 

9th.  That  contraction  of  muscle  is  accompanied  by  an  electric  dh' 
charge  resembling  that  of  a  torpedo.     (Matteucci.) 

It  was  the  perusal  of  the  essay  of  Matteucci  that  inspired  Du  Bois- 
Reymond  to  undertake  those  magniiicent  researches  that  have  given, 
him  a  name  and  a  fame  in  the  realm  of  electrology.  ^^H 

He  devised  special  apparatuses  for  his  researches,  and  handled  dwV 
with  great  skill  and  patience. 

Even  if  many  of  the  conclusions  presented  arc  erroneous,  they  are 
none  the  less  interesting  suggestions,  and  have  prepared  the  way  for 
those  who  are  now  earnestly  seeking  to  discredit  his  experiments  and 
disprove  his  statements. 

The  above  conclusions  of  Du  Bois-Re)anond  were  derived  fix)m  oi- 
periments  on  the  nerves  of  frogs,  but  electricity  is  not  confined  lo  the 
lower  forms  of  life,  either  dead  or  dying. 

Electricity  in  the  Living  Man. — In  the  living  man  it  is  believed 
tliat  cutaneous  currents  are  found,  Tlie  hand  is  negative  to  the  elbow, 
and  the  palm  of  the  hand  is  negative  to  the  back.  The  foot  is  negative 
to  the  chest,  and  the  sole  of  the  foot  is  negative  to  the  back.  The  elbow 
is  slightly  i>ositive  to  the  chest,  and  the  hand  is  sometimes  negative  to 
the  foot,  and  sometimes  the  reverse. 

These  cutaneous  currents  are  quite  strong  and  uniform.  They  are 
to  be  distinguished  from  the  thermo-electric  currents  that  are  observed 
when  two  symmetrical  parts  are  heated. 

A  finger  at  the  temperature  of  3a'*  is  positive  to  one  at  90®,  and  a 
finger  at  60°  is  feebly  positive  to  one  at  So'',  and  strongly  positive  to 
one  at  180°.  The  cutaneous  currents  are  aUso  to  be  distinguished  from 
currents  that  arise  from  dissimilar  immersion,  dissimilar  sweating  and 
shielding  of  tlie  body. 

Currents  of  electricity  have  been  found  in  the  urethra  and  bladder 
of  the  rabbit,  the  intestines,  the  spleen,  the  testicles,  the  tendons,  and 
the  oviduct  of  the  frog,  and  the  iris  of  birds. 

All  these  currents  resemble  the  ordinary  muscular  currents,  in  thai 
the  outer  and  inner  surfaces  have  opposite  electricities. 
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The  currents  of  the  nerves  and  muscles  are  very  much  stronger  than 
hose  of  other  tissues.* 
Dr.  C.  B.  Radcliffe  takes  a  radically  different  view  of  aninml  elec- 
Itriclly.     His  conclusions,  briefly  summarized,  are  as  follows: 

1.  The  sheaths  of  the  fibres  of  nerve  and  muscle  during  rest  are 
ged  with  electricity  like  Leyden  jars.     He  believes  it  probable, 

liough  not  entirely  demonstrable,  tliat  the  sheaths  of  the  fibres  con- 
3uct  electricity  so  feebly  that  they  are  practically  non-conductors  and 
[arc  di-electric. 

This  charge  is  brought  about  by  the  development  of  electricity,  either 

'positive  or  negative,  through  oxidation,  or  some  form  of  chemical  action, 

on  the  outside  of  the  sheaths  of  the  fibres,  which  electricity  induces 

brough  the  di-electric  sheath,  an  opposite  electricity  from  the  inside  of 

|the  sheaths,  after  the  manner  of  the  Leyden  jar.     Electricity  which  exists 

the  ner\'es  and  muscles  during  rest  is  in  a  statical  condition,  and  not 

in  dynamic  or  current  state. 

The  nerve-current  and  muscle-current  are  purely  incidental  phenom- 
lena,  resulting  from  applying  the  electrodes  to  points  of  unequal  elec- 
ic  tension. 

2.  That  the  passage  of  a  nerve  or  muscle  from  a  state  of  rest  to  a  state 
action  is  accompanied  by  a  discharge  similar  to  that  of  a  torpedo. 

be  arguments  in  favor  of  this  view  are,  that  the  anatomical  and  physio- 
ogical  apparatus  of  the  torpedo  closely  resembles  the  muscular  appara- 
tus of  all  animals ;  that  the  nerve-current  nearly  disappears  from  the 
serve,  and  the  muscle-current  from  the  muscle,  when  nerve  and  muscle 
ss  from  rest  into  action  ;  and,  finally,  that  the  phenomena  of  induced 
secondary  contraction  cannot  otherwise  be  explained. 
This  discharge  takes  place  between  the  sheaths  of  the  fibres,  which  are 
cry  elastic,  and  are  capable  of  being  elongated  during  rest  by  the  mu- 
[  attraction  of  the  opposite  electricities  with  which  they  are  charged, 

3.  That  when  a  nerve  or  muscle  passes  from  action  to  rest  it  resumes 
condition  of  charge.     Elongation,  therefore,  is  the  result  of  charge, 

ad  contraction  of  discharge. 

This  point  is  illustrated  by  the  following  experiment : 

A  narrow  band  of  rubber  is  wound  on  both  surfaces  very  near  the  edge 

•ith  gold-leaf,  so  that  it  can  be  charged  or  discharged  with  electricity 

like  a  Leyden  jar.     By  a  simple  arrangement  of  a  grooved  wheel  and  an 

Apparatus  that  multiplies  and  records  the  movements,  it  can  be  shown 

It  when  the  band  is  charged  by  a  few  turns  of  a  frictional  machine,  it 


•  Dynamici  of  Ntrvex  aud  Mustfes.     London,  187 1. 
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elongates,  and  when  the  charge  is  discharged  it  contracts.  It  is  bclierd 
that  the  muscle  behaves  in  precisely  this  manner-  If  nerves  arc  o« 
affected  in  the  same  way,  it  is  because  their  fibres  are  not  sufiiciecrJj 
elastic. 

4.  That  the  blood  keeps  up  the  natural  charge  of  electricity  in  ncnt 
and  muscle. 

The  acceptance  of  this  view  explains  many  interesting  facts  m 
palliology.     It  explains  the  fact  that  diseases  that  are  accoin}\       " 
a  deSciency  in  the  nerve-currents,  as  neuralgia,  spinal  irritation, 
tetanus,  epilepsy,  usually  manifest  themselves  by  morbid  act  .1 
increased  and  unnatural  movements  of  muscles  and  nerves. 

Active  inflammations,  when  there  is  increase  of  blood,  are  not  osmD/ 
accompanied  by  excessive  muscular  or  nervous  action. 

Apparatus  for  Studying  Animal  Electricity. — In  a  practical  workdf 
this  kind  it  is  not  necessary  nor  proper  to  enter  into  elaborate  d€td 
of  all  the  experimental  premises  by  which  Matteucci,  Du  Bois-R«t' 
niond,  PflUger,  and  others  have  made  their  discoveries.  A  very  brief 
description  of  the  apparatus  of  Du  Bois-Reymond  may  possibly  be  of 
interest. 

He  employed  a  very  delicate  galvanometer,  the  distinctive  i* 
tares  of  which  were,  firsts  the  astatic  needles  were  constructed  aai 
arranged  with  great  care  j  and,  sicondly^  the  wire  around  them  was  vny 
long,  and  of  from  4,000  to  24,000  convolutions.  A  multiplier  of  thil 
sort  will  indicate  the  presence  of  exceedingly  feeble  currents-  The 
wires  of  the  multiplier  are  connected  with  carefully  cleaned  and  pre- 
pared flat  new  plates  dipped  in  vessels  of  7:inc,  containing  sulphate  oC 
zinc  to  prevent  polarization.  Two  cushions,  as  they  are  called, 
made  of  layers  of  blotting-paper  soaked  in  a  solution  of  sulpliaic  of 
zinc,  are  laid  in  the  edge  of  each  vessel,  with  their  ends  in  the  liquii 
The  whole  is  enclosed  in  a  moist  chamber.  In  order  to  protect  Uf 
tissue,  it  is  placed  in  connection  with  the  two  cushions  in  various  posi- 
tions ;  then,  if  there  be  any  current,  the  deflection  is  seen  in  the  needlft 
of  the  multiplier. 

When  two  symmetrical  parts  of  the  longitudinal  or  transverse  seclioB 
of  a  nerve  are  applied  to  the  cushions,  no  deflection  is  seen  ;  when  t«^ 
dissymmetrical  parts  of  the  longitudinal  section  are  placed  on  til* 
cushions,  the  needle  deflects  6**  or  7°.  When  the  longitudinal  sectico 
of  the  nerve  on  one  side  touches  one  cushion,  and  the  transverse  yd> 
tion  touches  the  other  side,  the  needle  deflects  15°  to  30*'. 

Instead  of  the  galvanometer  multiplier  we  may  use  the  rheoscopie 
frog,  which  may  give  some  results ;  but  it  has  the  disadvantage  that  >^ 


oents  cm  whicfi  Ws  conclusions  are  based. 
•  done  this  in  justice  to  a  nanie  that  is  greatly  honoretl  ill 
if  justice  to  the  name  that  has  made  an  era  in  physiology,  and 
«re  the  student  for  an  intelligent  understanding  of  the  experi- 
that  seem  to  overthrow  these  views  of  Du  Bois-Reyraond  that 
Ben  so  widely  accepted. 

IS  always  appeared  to  os  that  in  the  experiments  of  all  electro- 
ogists,  the  later  as  well  as  the  earlier  school,  there  were  chances 
at  error,  and  have  been  surprised  that  their  conclusions  have 
ccepted  with  so  little  reservation, 

ing  in  mind  that  all  chemical  action,  however  slight,  is  probably 
Mnied  by  the  generation  of  electricity,  it  is  surely  not  irrational 
l€Ct  that  the  conclusions  from  careful  experiments  of  Du  Bois- 
nd  and  others  might  be  in  some,  if  not  in  all  cases,  modified  by 
»/  action  between  the  animal  tissues  and  the  cushions  of  the  gal- 
tttr,  however  skilfully  these  were  protected. 
dig  the  physicists  at  least,  the  theories  of  Du  Bois-Reymond  have 
m  the  whole,  losing  ground  during  the  past  ten  years,  and  pro- 
Hi  account  of  the  considerations  that  are  above  presented. 

John  Trowbridge,  of  Har\'ard  College,  has  recently  made  a 
^f  researches  that  seem  to  cast  grave  doubts  on  the  interesting 
herto  accepted  conclusions  of  Du  Bois-Reymond  in  regard  to 
electricity. 

physicist,  starting  out  on  the  face  of  the  accepted  fact  that 
mids  of  dissimilar  chemical  character^  separated  hy  a  poroui 
w,  give  rise  to  a  current  of  electricity^  has  made  experiments 
a  apparatus  similar  to  that  employed  by  Du  Bois-Reymond  in 
BBTches  on  animal  electricity.  Instead,  however,  of  placing  a 
■pscle  or  nerve  on  the  cushions,  he  used  a  series  of  artificial 
^^These  aiti&cial  musdcs  were  made  of  glass-tubes  covered  by 
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Placing  the  artificial  muscle  thus  prepared  in  the  position  where  tSt 
natural  muscle  is  placed  in  Du  Bois-Reymond's  experiments,  he  lead 
that  each  liquid  caused  a  deflection  of  the  needle  of  the  galvancftuicr 

There  is  no  question,  in  the  opinion  of  Prof.  Trowbridge,  thai 
currents  that  caused  these  deflections  of  the  needle  arose  from  i^ 
actions  of  the  fluids  in  the  tubes  on  the  saline  solution  of  the  cushion  ai 
the  protecting  guard.  This  view  is  confirmed  by  the  fact  that  »ba 
the  artificial  muscles  were,  filled  with  distilled  ^-aX^x^  there  was  no  (fc- 
flection  of  the  needle  observed  ;  but  when  undistilled  w^ater  or  4« 
other  fluids  mentioned  were  used,  the  needle  of  the  galvanometer  ik- 
fleeted  so  far  as  in  some  cases  to  throw  the  spot  of  light  off  the  sale.* 
Prof  Trowbridge  exercised  the  same  precautions  as  are  found  necesMf 
by  electro-physiologists  in  obtaining  the  so-called  muscular  cmrenbi 
He  argues  that  the  behavior  of  the  artificial  muscle  must  be  similar  tfl 
that  of  a  natural  muscle  placed  on  the  cushions  ;  and  he  stales  furtber, 
that  when  we  use  the  natural  muscle,  containing  fresh  and  ci 
active  blood,  separated  by  its  sheath  from  the  clay  guards  of  the  -w...^..;,.., 
an  electrical  action  must  take  place  between  the  fluids  of  the  muidt  mk 
the  saline  solutions  in  the  connecting  apparatus^  whuh  cution  ctntk 
well  be  distinguished  from  the  so-called  muscular  current*^ 

In  order  to  avoid  every  possible  source  of  error  in  these  eipai- 
ments,  Prof.  Trowbridge  not  only  tried  distilled  water  in  the 
muscles,  instead  of  undistilled  water  and  the  different  solutions,  but 
tried  the  mere  contact  of  the  bladder  membrane-partition  without 
fluid,  and  in  neither  case  was  any  current  produced.  He  employed • 
vessel  shaped  like  the  letter  IT,  opened  at  the  bend,  and  coverrtl  at  th* 
ends  by  a  membrane.  Into  the  two  limbs  of  the  tube  he 
fluids  of  different  kinds.  When  the  vessel  was  filled  with  a  ii. 
was  homogeneous,  and  the  ends  of  the  tube  brought  in  contact  iriAJ 
the  cushions,  the  needle  of  the  galvanometer  was  deflected.  \V 
points  of  contact  were  reversed,  the  direction  of  the  needle 
versed.  That  mere  contact  of  the  tube  with  the  cushions  did  not 
the  deflection  of  the  needle,  was  shown  by  the  fact  that  when  no  Uai^ 
were  in  the  tube  there  was  no  deflection.  That  the  direction  of  thf 
current  was  through  the  U-shaped  tube,  and  not  from  its  extremitiato 
the  galvanometer  and  back,  was  proved  by  the  fact  that  when  tbc 
section  of  one  of  the  limbs  of  the  U-shaped  tube  was  constricted,  ibc 

*  Thomson's  reflectbg  ^vunometer  and  new  quadrant -electrometer  were 
these  experiments. 

f  On  the  Electro-motive  Action  of  Liquids  separated  by  Membranes.     Amvii^  \ 
fifurnai  0/  Science  and  Arts,  voL  iii.,  May,  l87at 
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1  of  the  needle  was  reduced,  and  when  the  constriction  was 

there  was  no  deflection, 
^conclusion  to  which  Prof.  Trowbridge  arrives  frotn  these  ex- 
rnts,  which  have  been  repeated  at  various  times,  is,  ♦•//w/  -wh^n  the 
M  0/  the  galvanometer  are  connected  by  a  membranous  sac  con- 
^Jiuids,  or  animal  tissue  saturated  with  fluid.,  an  endosmotic  action 
pittce^  accompanied  by  galvanic  action  ;  and  thai  this  galvanit 
is  determined  by  the  difference  of  endosmotic  action  at  various 
of  the  enclosing  membrane y  * 

•n,  therefore,  a  muscle  is  placed  on  the  cushions  of  the  galvanoni- 
ll  transverse  section  on  one  pad  and  its  longitudinal  section 
pother,  endosraose  takes  place,  which  is  different  at  diflferent 
and  the  galvanic  current  that  appears  is  probably  caused  by 
fcrcnce  of  endosmotic  action  and  not  by  the  so-called  muscular 
t.  Then  granting  that  a  muscular  current  exists,  it  must  suffer 
ant  modifications  in  strength  and  direction  through  this  endos- 
action.  If  the  muscular  current  does  not  exist^  this  endosmotic 
mfith  the  accompanying  galvanic  action^  will  account  for  the  de- 
^Of  the  needle  of  the  galvanometer  that  had  been  supposed  to  be 
the  muscular  current. 

fctter  received  by  Dr.  Beard  from  Prof.  Trowbridge,  under  date 
B,  1873,  nearly  one  year  later  than  the  date  of  the  publication  of 
■arches  of  which  the  above  is  an  abstract,  he  says  that  *•  later 
lOents  have  convinced  me  that  there  are  no  such  currents  as  mus- 
Upents,  properly  so  called.  I  think  that  the  phenomena  noticed 
B|ois>Reymond  arise  from  differences  in  the  chemical  nature  of 
Bt  portions  of  the  muscle.  Du  Bois  Reymond  contends  that 
bemical  difference  does  not  exist,  and  that  the  tissue  is  homo» 
P  from  a  chemical  point  of  view.  It  must  be  remembered. 
It,  that  a  delicate  galvanometer  can  detect  differences  in  chenii- 
mjosilion  which  cannot  be  detected  except  by  tljc  most  refined 
%L  I  should  therefore  make  my  assertions  stronger  than  I  have 
pthe  accompanying  papers,  in  view  of  subsequent  experiment." 
■Trowbridge  has  also  made  expcrimen  ts  that  seem  to  cast  grave 
on  tJie  conclusions  of  Du  Bois-Reymond  in  regard  to  electrical 
ts  in  the  arms.  Du  Bois-Reymond  in  his  experiment  connects 
minals  of  a  galvanometer  in  separate  vessels  by  a  siphon-tube 
ling  the  same  liquid  as  the  vessel.  The  ends  of  tlic  tube  are 
\  with  a  porous  preparation. 


I  of  ihe  American  Academy  of  Arts  and  Sciences,  January  9,  187a. 
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Placing  a  forefinger  in  each  vessel  and  violently  contractiog  d^ 
arm,  he  observed  that  the  needle  of  the  galvanometer  was  deflected  ,co 
contracting  the  other  ann»  the  needle  deflected  in  the  opposite  direc- 
tion. Du  Bois-Reymond  explained  this  phenomena  by  the  thcotj 
that  electrical  currents  circulate  in  the  arm  distinct  from  and  co-cxiil- 
mg  with  the  muscular  and  nerve-currents.  It  is  not  difficult  to  cob- 
ceive  that  in  an  experiment  of  this  kind  there  would  be  chances  far 
error  sufficient  to  make  us  very  cautious  in  accepting  any  immediatt 
conclusions  in  regard  to  iL  In  order  to  test  the  validity  of  this  con- 
clusion, Prof-  Trowbridge  prepared  a  vessel  with  two  limbs,  which  bf 
substituted  for  the  human  finger.  Du  Bois-Reymond's  experiroeai 
vessel  was  filled  with  a  solution  of  salt,  and  the  end  of  the  limbs  «« 
covered  with  prepared  membrane-  The  resistance  of  the  drtoil 
through  both  limbs  and  the  vessel  was  about  that  of  the  human  hoif 
from  the  forefinger  of  one  hand  to  the  forefinger  of  the  other — tint  B, 
about  seven  or  eight  times  the  resistance  of  the  Atlantic  cable.  Tk 
ends  of  the  limbs  or  tubes  were  immersed  in  the  fluid  of  the  vessel  C8» 
nected  with  the  galvanometer.  As  soon  as  they  touched  the  licjuii 
the  needle  of  the  galvanometer  was  deflected,  and  on  reversii^  iki 
limbs  the  needle  was  deflected  in  the  opposite  direction. 

When  the  flexible  portion  of  one  of  tlie  limbs  was  pinched  so  as  ta 
diminish  the  diameter,  the  deflection  was  also  diminished.  When  • 
trifling  change  was  made  in  //u  chemical  character  of  the  JiuUs  in  At 
two  limbs,  and  one  of  the  limbj  was  slightly  contracted^  ifu  dirertm  ^ 
the  needle  was  reversed. 

Prof.  Trowbridge  is  disposed  to  believe  that  the  deflection  of  ^ 
needle  caused  by  the  contraction  of  the  muscles  of  the  arm,  ''is 
duced  cither  by  the  temperature  or  by  the  change  in  the  flow  of 
blood,"  It  has  been  established,  that  the  electromotive  force  betwta 
venous  and  arterial  blood  is  about  one-thirtieth  that  of  a  Danii 
cell;  and  as  muscular  contractions  change  the  chemical  character cf- 
the  blood,  and  as  by  very  slight  chemical  difference  between  two  floJA 
separated  by  a  membrane,  like  the  skin,  is  sufficient  to  create  a  ga^ 
ranic  current,  it  is  not  improbable  that  the  conclusion  of  Du  Boifr 
Reymond  in  regard  to  the  existence  of  a  separate  electrical  corrtil 
in  the  arm  is  erroneous 


CHAPTER  IL 

ELECTROTONOS,    ANELECTEOTONOS,    AliD    CATELECTROTONOS. 

£Uctrotonos  u  the  peculiar  modification  of  irriiability  that  mrvis 

\d  muscles  undergo  when  acted  upon  by  a  galvanic  current. 

While  the  nerve  is  in  the  electrotonic  state,  that  part  of  it  not  in- 

luded  between  the  poles  will  deflect  the  needle  of  a  delicate  galvano- 
;tcr ;  and  that  the  deflection  then  caused  is  not  due  to  the  natural 

crve-current,  is  proved  by  the  fact  that  it  appears  when  only  the  sur- 
;  of  the  nerve  is  connected  with  the  galvanometer.     It  is  therefore 
electric  condition  of  the  nerve  caused  by  tlie  passage  of  the  current 
it  that  deflects  tlie  needle.     The  electrotonic  condition  not  only 
is  so  long  as  the  galvanic  current  continues  to  pass,  but,  if  the 
nt  be  sufficiently  powerful,  it  remains  for  a  limited  time  after  the 

lirrent  ceases  to  pass. 
The  electrotonos  is  more  noticed  the  larger  the  extent  of  nerve 

cted  upon,  provided  the  current  be  sufficiently  increased  to  overcome 
ic  increased  resistance. 

In  nerves  that  are  dead,  or  have  lost  their  irritability,  electrotonos 
mnot  be  excited  at  all,  or  only  feebly,  and  the  same  is  true  when  the 
!Tve  is  cut  across  or  tightly  bound  with  a  ligature. 
TTic  change  in  the  nerve-current  depends  on  the  direction  of  the 
Jvanic  current.  When  the  galvanic  current  flows  in  the  same  direc- 
>n  with  the  nerve-current,  the  strength  of  the  nerve-current  is  in- 

Neased  ;  when  the  galvanic  current  flows  in  a  contrary  direction,  the 

reogth  of  the  nerve-current  is  diminished. 

Electrotonos  is  greater  when  the  galvanic  current  flows  lengthwise 
an  when  it  flows  across  the  nerve.    It  increases,  within  certain  limits, 

Ith  the  increase  in  the  intensity  of  the  current. 
J^olecular   Theory  of  Anelectrotonos . — Du  Bois-Reyraond  has  sug- 

isted  a  theory  to  account  for  the  phenojuena  of  electrotonos,  which 
%  been  generally  accepted-  It  is  analogous  to  the  theory  of  mag- 
•tism  suggested  by  Coulomb.  He  supposes  that  muscles  and  nerves 
insist  of  electric  molecules,  which  have  one  positive  equatorial  zone 
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and  two  negative  polax  zones,  whose  axes  are  parallel  to  each  other;; 
that  is,  two  molecules  make  one  molecule.    This  is  called  the 
arrangement     In  a  magnet,  each  individual  molecule  man 
same  phenomena  as  the  entire  magnet :   each  molecule  is  indeed 
magnet  in  miniature.     In  like  manner,  each  molecule  of  the  nerne  or 
muscle  manifests  the  same  phenomena  as  the  entire  nerve  or  inusck. 
These  peri  polar  molecules  are  enclosed  by  a  moist  covering. 

Du  BoisReyraond  further  supposes  that  each  peri- polar  molecjilc 
may  be  divided  into  a  group  of  di-polar  molecules — where  the  posin« 


Fig.  33. 

Peri-polar  Arrangement  of  Electro-motor  Molecules. 

L  S — Longitudinal  Section-  T  S^Transvcrsc  SectloD. 

P — Farclectronomic  Layer, 

hemispheres  are  turned  toward  each  other — without  changing  tha 
electrical  properties.  This  is  called  the  dipolar  arrangement  H* 
number  of  such  molecules  are  brought  under  tlie  influence  of  a  galvaoc 
current,  their  positive  zones  will  turn  toward  the  negative  pole,  and  ik 
negative  toward  the  positive ;  one  of  the  molecules  (3)  turning  iJ«* 
on  its  axis.  The  arrangement  will  be  as  above.  From  its  reserabbiff 
to  the  voltaic  pile  it  is  called  the  pile-like  arrangement 

This  pile -like  arrangement  of  the  molecules  not  only  takes  pllflJ 
between  the  electrodes,  but  also  beyond  them  into  the  extn-pohK 
region. 

Du  Bois-Reymond  has  illustrated  these  phenomena  on  molecules 
made  of  zinc  and  copper. 

From  these  experiments  Du  Bois-Reymond  concluded,  first,  that  ft< 
nerve  is  always  in  the  condition  of  a  closed  circuit,  since  electric  c»f 
rents  are  produced  by  the  connection  of  layers  surrounding  the  tuote 
cules  with  their  molecules  ;  and  secondly,  that  the  current  obtiine^ 
from  an  animal,  as  indicated  by  the  galvanometer,  is  only  a  small  ^ 
tion  of  the  entire  current 
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he  galvanic  current  that  produces  the  electrotonic  condition  is  called 

^  Hie  polarising  airrent     The  portion  between  the  poles  is  called  intra- 

\  polar ;  beyond  and  outside  of  the  poles,  extra-polar.     Electrotonos  is 

ascemling  when  it  proceeds  from  the  muscle  to  the  nerve  ;  descending 

'  when  it  proceeds  from  the  nerve  to  the  muscle. 

Anelectrotonos  and  Catelectrotonos. — Antlectrotonos  is  a  condition  of 
,  diminished  irritability  which  takes  place  at  the  positive  electrode.    Cate- 
lettrotonos  is  a  condition  of  increased  irritability  which  takes  place  at  the 

L  S 


'liH 


^jQlJffl 
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L  S^Longitudinal  Section.  T  S — Transverse  Section. 

1.  Peri-polar  arrangement  of  eleclro-raotor  molecules. 

2.  Dipolar  arrangement  of  electro-motor  molecules. 
y  Pile-like  arrangement  of  electro-motor  molecules,  caused  by  the  action  of 

the  galvanic  current. 

egative  electrode.     At  some  point  between  the  electrodes  the  irritability 
the  nerve  is  unchanged.     The   conditions  of  anelectrotonos   and 
lelectrolonos  are  found  not  only  between  the  poles,  but  also  in  the 
3thcr  portions  of  the  nerve,  in  the  extra-polar  portion. 

The  portion  between  the  poles  and  near  the  negative  pole,  together 
ith  the  portion  beyond  the  negative  pole,  is  in  a  state  of  catelectro- 
tonos, with  increased  irritability.     The  portion  between  the  poles  and 
"jcar  the  positive  pole,  together  with  ihe  portion  beyond  the  positive 
>lc,  is  in  a  state  of  anelectrotonos,  with  diminished  irritability. 
The  extra-polar  catelectrotonos  depends  on  the  length  of  the  nerve  be- 
rccn  the  poles,  and  the  strength  of  the  current,  up  to  a  certain  limit. 
»c  strength  of  the  extra-polar  anelectrotonos  is  proportioned  to  its 
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distance  from  the  poles,  being  greatest  near  the  intia-poUr  portkiL 

The  extra-polar  catelectrotonos,  botli  ascending  and  descending,  is  la 
a  state  of  increased  irritability.  The  extra-polar  anelectrotonos,  ho^^ 
ascending  and  descending,  is  in  a  state  of  diminished  irritability. 

Neutral  Point. — Between  the  poles  there  is  a  point  where  the  irriti' 
bihty  is  not  changed ;  there  anelectrotonos  meets  catelectrotonos.  Tbs 
is  called  the  neutral  point.  The  relative  position  of  this  de^iends  on 
the  strength  of  the  polarizing  current  Where  the  strength  of  the  cur* 
rent  is  medium,  the  neutral  point  is  about  midway  between  the  polti 
Where  the  current  is  weak,  the  neutral  point  is  nearer  the  positi«t 
pole.     Where  it  is  strong,  it  is  near  the  negative  pole. 

Negative  Variation. — VVhen  a  current  frequently  intemipled  is 
applied  to  an  irritable  nerve,  it  causes  the  nerve-current  to  diminish  iM 
strength,  and  finally  utterly  destroys  it.  This  fact  is  demonstrated  br 
the  galvanometer. 

The  same  phenomena  is  caused  to  a  less  degree  by  chemical  Of 
mechanical  stimulation  of  nerve.  Negative  variation  has  been  expkinai 
by  the  theory  that  the  peri-polar  molecules  in  the  nerve  change  their 
arrangement,  so  that  their  electro-motor  power  is  diminished.  The  ncf- 
ative  variation  of  the  current  has  been  studied  by  Bernstein.  He  re« 
gards  all  the  electric  phenomena  of  the  nerve  as  undulatory  movements, 
and  has  mathematically  estimated  the  length  of  the  waves  in  nerve  an(* 
muscle.  Cyon,  in  confirmation,  has  shown  that  the  degree  of  tlie 
variation  is  directly  proportioned  to  the  number  of  interruptions  in  the 
exciting  current. 

Effects  of  Electroionos  in  Diminished  Conductivity. — ^The  power  of% 
nerve  to  conduct  irritability  is  more  or  less  modified  by  the  condition  ti 
electrotonos.  The  portion  of  the  nerve  near  the  positive  pole,  which  u 
in  a  condition  of  anelectrotonos,  has  its  conductibility  diminished;  the 
portion  of  the  nerve  near  the  negative  pole,  which  is  in  a  condition  of' 
catelectrotonos,  has  its  conductibility  increased.  If  the  current  be  snt 
ficiently  strong,  the  power  of  the  nerve  to  conduct  impressions  may  be 
nearly  or  entirely  destroyed. 

Effects  of  Electrotonos  after  the  breaking  of  the  Galvanic  {polarism^ 
Current. — One  of  the  effects  of  the  electrotonos  is  the  irritation  which  i» 
caused  by  the  passing  away  of  the  anelectrotonos.  This  irritation, 
which  appears  at  the  positive  pole,  is  shown  either  by  a  contraction  or 
by  a  tetanic  condition. 

Positive  Modification  and  Negative  Modification, — ^The  nerve  whicbiJ 
in  a  condition  of  catelectrotonos  at  the  negative  pole  is  greatly 
modified  by  the  breaking  of  the  polarizing  current.     Its  irritability  ii 
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>  dirainishcA     This  diminution  of  irritability  is  called  the  "  nega- 

iifiiation."     At  the  positive  pole  in  the  catelectrotonic  region,  an 

of  irritability,  ox  positive  modijication^  appears  on  breaking  the 

This  increase  and  diminution  of  irritability  continue  for  sonic 

er  the  polarizing  current  is  broken. 

'  of  a  Change  in  the  Direction  of  the  Current. — Another  effect  of 
ioionos  is  the  change  of  irritability  which  is  caused  by  a  change  in 
lirection  of  the  current.  If  a  nerve  is  subjected  for  some  time  to 
jiHuence  of  a  galvanic  current  in  a  certain  direction,  il  loses  some 
Kritability,  which  i\  regains  when  the  current  is  reversed. 
fthfraiion  of  Irritability. — A  very  important  effect  of  electrotonoa 
restoration  of  irritability  in  a  nerve.  It  has  been  proved,  both  by 
iricnce  and  by  experiments,  that  nerves,  which  from  any  cause  have 
their  irritability  to  the  faradic  current,  sometimes  regain  it  after  an 
ication  of  the  galvanic.  It  has  been  shown  by  the  experience  of 
ral  writers  on  electrotherapeutics,  and  of  ourselves,  that,  in  cases 
mlysis,  when  the  faradic  current  at  first  fails  to  produce  contrac- 
Hle  application  of  the  gadvanic  tnay  not  only  readily  produce  con- 
Kks.  but  may  also  produce  such  a  change  in  the  irritability  of  the 

Ki parts  as  to  cause  than  to  regain  their  lost  irritability  to  the 
current.  (See  Electro-Therapeutics.) 
otonos  of  Muscle. — A  muscle^  like  a  nerve,  may  be  put  in  the 
ition  of  electrotonos  ;  the  changes  of  irritability  that  accompany 
condition  are  confined  to  the  portion  of  muscle  through  which 
rent  flows.  The  subsequent  effects,  after  the  polarizing  current  is 
,  are  also  limited  to  the  portion  through  which  the  current  passes, 
logically  probable,  also,  that  not  only  the  motor  nerves,  but  also 
I  of  the  nervous  system — central  and  peripheral^are  capable  of 
Dg  the  phenomena  of  modified  irritability  under  the  galvanic 


\eory  of  Anelecirotonos  and  Catelectrotonos. — That  the  galvanic 
•nt  in  its  passage  through  the  nerve  diminishes  the  irritability  of  that 
^D  the  region  of  the  positive  pole,  and  increases  its  irritability  in 
HU>n  of  the  negative  pole,  may  be  explained  by  the  purely  physical 
S^of  the  currents  in  the  tissue. 

ave  seen  that  in   electrolysis  acids  go   to   the   positive   and 

\  to  the  negative  pole  ;    now  it  is  a  fact  of  physiology  that  acids 

the  irritability  of  nerves,  while  alkalies  increase  it,     Anelec- 

and  catelectrotonos  may  therefore  be  caused  by  acids  at  the 

I  and  alkalies  at  the  negative  pole. 

explanation   is  rendered   probable   by  two  facts :  firsts   that 
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atneiectrotonos  and  catelectrotonos  are  not  produced  by  the  secom 
faradic  current,  which  has  no  marked  chemical  action  j  and  secondlyy 
that  very  feeble  and  instantaneous  passages  of  the  galvanic  current 
duce  electrolytic  effects. 

P/lugei^s  Contract lOfi'Law.-^'ThQ  law  of  contraction,  as  derived 
Pfliiger  from  experiments  on  the  frog,  is  thus  formulated  :  T/te  nerve 
excited  by  the  appearance  of  catelectrotonos^  and  the  disappearance  Oj 
aneUctrotonos^  but  not  by  the  appearance  of  anelectrotonos  or  the  dis—^ 
appearance  of  catelectrotonos.  This  law  is  considered  of  great  scientific?; 
as  well  as  practical  value. 

Electrotonos  in  the  Living  Man. — The  subject  of  electrotonos  in  the 
living  man  has  been  studied  by  Eulenburg,  Samt,  Von  Bezold^  Brenner, 
Erb,  BrOckner,  Runge,  and  Filehne,  but  most  successfully  by  Cyon. 

Cyon,*  by  a  series  of  elaborate  and  careful  experiments,  has  shown 
that  the  contraction -law  of  Pfliiger,  as  established  on  the  frog  prepara- 
tion, applies  also  to  the  living  human  subject. 

He  has  shown  that,  after  closing  the  circuit,  the  irritability  is  in- 
creased near  the  negative  pole ;  that  this  condition  of  catelectrotonos 
increases  as  the  current  runs  up  to  a  certain  point ;  that  on  breaking 
the  current  the  negative  modification^  or  condition  of  diminished  irrita- 
bility, appears  for  a  moment,  and  then  disappears. 

Near  the  positive  pole,  on  the  other  hand,  the  irritabilit)'  is  diminished 
at  and  after  closing  the  current.  On  breaking  the  current  there  is 
an  increase  of  irritability,  or  positive  modification^  which  appears  to  be 
greater  when  the  current  has  been  allowed  to  run  a  long  time. 

The  experiments  from  which  Cyon  derived  these  conclusions  were 
made  on  the  ulnar  nerve,  and  with  great  care  to  avoid  error.  It  will 
be  seen  that  the  results  correspond  with  the  results  of  Pfliiger's  expcri- 
menls  on  the  fi-og,  and  confirm  them.  Cyon  found,  however,  that  these 
results  were  not  uniform  in  all  persons,  but  were  modified  more  or  less 
by  temperament  and  disease. 

Practical  Bearings  of  the  Laws  of  Electrotonos. — The  laws  of  electro- 
tonos do  not  by  any  means  explain  all  the  therapeutical  action  of  the 
galvanic  current  on  the  body;  but  so  far  as  they  go  they  are  of  great 
value,  and  should  be  considered  by  those  who  study  the  therapeutics  of 
galvanism.  The  calming  effects  of  the  positive  pole,  and  the  irritating 
effects  of  the  negative  pole,  as  well  as  the  exact  effects  of  strong  und 
interrupted  currents,  may  in  these  laws  find  their  partial  if  not  complcle 
explanation. 

•  Frincipet  d^Elettrothhrapit.     Paris,  I S  73,  pi  130  </  stq* 
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ACTION   OF  ELECTRICITY  ON  THB  SKIN. 

In  regard  to  the  study  of  the  action  of  electricity  on  the  body  in 
icallh,  it  is  necessary  to  make  the  preliminary  remark  that  many  of 
he  experiments  that  have  been  made  and  published,  and  widely  quoted 
this  department,  have  but  little  scientific  value,  and  cannot  be  re- 
[orded  as  in  any  sense  authoritative.  The  reason  for  the  uncertainty 
Xrrtaining  to  the  reported  experiments  are  manifold  : 

1 .  The  distinction  between  the  currents  has  not  been  observed.  Not 
)nly  have  the  faradic  and  the  galvanic  currents  been  constantly  con- 

unded,  but  the  subdivisions  of  the  faradic  current — the  electro  mag- 
leiic  and  magneto-electric — have  been  vaguely  commingled.  Many 
ibservers  speak  of  galvanization  when  they  mean  faradization,  and  vice 
}er*dt  and  not  a  few  apply  both  terms  to  the  use  of  the  same  current. 

2.  Allowance  has  not  been  made  far  the  differential  action  of  strongs 
udium^  and  feeble  currents,  or  of  long  and  short  applications.  The 
ifierence  in  the  physiological  effect  of  a  large  and  small  dose  of  opium, 
trychnine,  belladonna,  or  ergot,  or  any  other  powerful  remedy  whatso- 

T,  is  enormous.  When  a  small  dose  has  no  perceptible  effect,  a  large 
pse  may  throw  into  profound  sleep,  or  into  violent  convulsions,  that  lead 

death.  In  speaking  of  the  physiological  action  of  drugs  of  any  kind, 
ic  dose  is  always  mentioned,  and  any  experiment  with  drugs,  on  man 

animals,  when  the  dose  is  not  known  or  mentioned,  has  little  value  in 

acnce.     Similarly  also  in  electro-therapeutics,  we  find  in  every-day 

ijtperience  that  the  difference  in  the  effects  of  a  mild  and  short,  and  a 

•verc  and  long,  application,  is  only  the  difference  between  making  a 

Btsient  infinitely  better  or  infinitely  worse. 

When,  therefore,  we  read  that  galvanization  of  the  sympathetic  or 
peumogastric  produces  such  and  such  effects,  we  really  get  no  precise 
Dowledge  whatsoever. 

3.  The  differential  susceptibility  of  man  and  animals  has  not  been  duly 
fttsidered.  Experiments  with  electricity  performed  on  the  lower  ani 
fial5,  as  frogs,  dogs,  cats,  horses,  rabbits,  cows,  guinea-pigs,  etc.,  do  not 
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always  afford  a  safe  basis  for  generalization  in  regard  to  the  effects  rf 
electricity  on  man,  and  especially  on  man  in  a  state  of  civilization,  b 
their  susceptibility  to  the  electrical  stimulus,  and  in  the  length  of  tiine 
that  they  retain  their  irritability  after  death,  there  is  a  great  diffcrenct 
in  aninials  ;  between  animals  and  civilized  man  this  difference  uiti»t  be 
very  great. 

In  proportion  as  the  organization  of  man  is  more  complex  ihao  Ak 
of  the  lower  animals,  in  that  proportion  will  the  physiological  i 
of  the  human  body  to  the  electric  current,  or  indeed  to  any  • 
fluence,  be  more  complex  and  uncertain,  and  more  liable  to  dcvUtiou 
and  modifications  than  the  physiological  reactions  of  the  inferior  form* 
of  life  to  which  we  are  supposed  to  be  related.  Conclusions  in  cleciro- 
physiology,  derived  solely  from  experiments  on  animals,  have  the  grot 
merit  of  simplicity;  but  when  ajiplied  to  the  far  higher  and  more  coib* 
plex  organization  of  man,  and  especially  of  civilized  man,  witli  his  Or 
cessively  sensitive  system  of  nerves,  they  are  apt  to  lead  into  serious 
error. 

4.  Individual  idiosyncrasies  have  not  been  properly  considered,  Jht 
action  of  medicines  varies  with  the  temperament  to  such  a  degree  M» 
make  necessary  great  caution  in  rushing  to  generalizations  ftotn  exp*- 
riraents  on  one  or  two  persons.  Applications  of  electricity,  iandk 
or  galvanic,  to  the  cervical  sympathetic,  similar  in  length  and  >fr  ' 
may  cause  in  one  individual  symptoms  of  cerebral  congestion,  in  . 
symptoms  of  cerebral  anremia,  and  in  another  its  effects  may  bepnreljF 
negative.  In  one  individual  the  effects  of  such  application  may  beWl 
at  once,  in  another  an  hour  or  two  after  the  application,  in  another  ooJ 
until  the  following  day. 

There  is  a  great  difference  in  the  average  susceptibility  of  differ* 
nationalities  and  of  the  higher  and  lower  orders  of  society,  with  00* 
sional  exceptions  both  ways;   tlie  tough,  coarse-fibred  laboring: 
are  much  less  susceptible  to  electricity,  just  as  they  are  much  \x- 
ceptible  to  drugs,  than  the  delicate,  finely  organized,  braio-worlu^ 
classes, 

5.  The  action  of  electricity  on  the  body  in  health  may  be  /ranud,if^ 
fart  at  least,  by  studying  its  action  in  disease. 

"Pathology,"  AUbutt  well  says,  *'is  but  the  shady  side  of  physiologj.' 
To  draw  the  line  precisely  where  health  ends  and  disease  begin*,* 
oftentimes  beyond  the  power  of  mortal  man.  Of  the  deep  darknc»rf 
the  midnight-hour  any  child  is  conscious,  and  even  tlie  birds  discern  ik» 
approach  of  evening  ;  but  what  physicist  so  keen  as  to  tell  the  pr<c« 
moment  when  the  late  afternoon  begins  to  fade  into  the  early  twiligftJ? 
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It  is  because  physiology  and  patholog>-  thus  run  into  each  other,  that 
obs»»rvationson  pathological  states  may  be  of  great  service  to  physiologj'. 
Experiments  made  with  electricity  on  patients  more  or  less  diseased 
hAve  helped,  as  we  shall  see,  to  solve  some  of  the  problems  of  electro- 
physiology.  Ccriam  pathological  states  render  the  nerves  unusually 
impressible  to  electricity  in  degree,  though  in  the  same  way  as  in 
health,  and  thus  are  of  great  value  to  the  electro-physiological  experi- 
menter. 

The  above  considerations  explain  in  part  the  opposite  and  inconsistent 
as  well  as  fragmentary  character  of  electro-physiological  researches,  and 
they  should  be  borne  constantly  in  mind  by  those  who  study  this  and 
the  following  chapters,  devoted  to  the  action  of  electricity  on  the  human 
body  in  health. 

Action  of  Franklinic  FMctrUity, — When  the  sparks  of  frictional 
electricity  are  applied  to  the  skin  they  produce  a  sensation  of  pricking, 
And  if  the  sparks  are  large  the  skin  becomes  red  and  a  papular  eruption 
appears.     Applied  to  the  scalp,  it  causes  the  hair  to  stand  on  end. 

Action  of  the  Faradic  Current. — If  any  dry  artificial  electrode  is 
pressed  against  the  dry  skin  while  a  faradic  current  is  passing,  the  elec- 
tricity will  penetrate  but  slightly  to  the  deeper  tissues,  unless  the  current 
is  very  intense,  because  of  the  great  resistance  offered  by  the  skin. 

One  cflfect  of  the  farailic  current  on  the  skin  in  this  way  is  to  cause  a 
change  in  the  cireulation.  The  change  may  be  either  aniemia  or  hyper- 
aemia.  At  first  there  is  anaemia.  The  calibre  of  the  blood-vessels  is 
narrowed,  through  the  action  of  the  current  on  the  vasomotor  nerves. 
This  contraction  with  anaemia  is  spasmodic  in  its  character ;  it  lasts 
but  for  a  time,  and  in  the  course  of  two  or  three  minutes  it  gives  way 
to  hyperaemia.  The  skin  becomes  red,  and  remains  so  for  a  short  or 
long  time,  from  several  minutes  to  several  hours,  according  to  the 
strength  of  the  current,  the  length  of  the  application,  and  the  temperOr 
ment  of  the  individual. 

Another  effect  of  faradizing  the  skin  in  this  way  is  pain.  This  pain  is 
caused  by  the  irritation  of  the  e.\tremities  of  the  sensory  nerves. 

When  the  dry  hand  is  substituted  for  the  dry  artificial  electrode,  the 
surfa.ce  can  be  faradized  without  producing  pain.  During  the  latter 
Operation  the  electricity,  acting  upon  the  dry  surface  of  the  skin,  pro- 
duces a  peculiar  cracking  or  humming  sound  that  may  be  heard  several 
fecL 

An  application  of  a  faradic  current  of  ordinary  strength  is  followed 
by  the  most  marked  effects  on  the  skin  when  it  is  dry,  from  the  fact 
the  electricity  is  mostly  confined  to  the  surface  of  the  tissue.     A 
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very  fine,  or,  in  other  words,  a  rapidly  interrupted,  faradic  current,  htft- 
a  more  markt^d  effect  on  the  sensory  nerves  than  a  coarse,  or  slowly  in^*^ 
terrupted,  current,  and  in  the  treatment  of  the  more  common  fonns  of 
anaesthesia  and  neuralgia  this  fact  must  be  considered.  The  negative' 
pole  has  a  much  stronger  effect  both  on  the  sensory  and  motor  nerves 
than  the  positive.  Any  one  can  readily  distinguish  the  poles ^  when  held 
in  the  hand^  by  the  stronger  sensation  and  more  violent  muscular  em- 
traction  which  is  felt  at  the  negative. 

Some  parts  of  the  skin  are  more  sensitive  to  the  current  than  others, 
from  the  fact  that  they  are  more  richly  supplied  with  nerves.  The  face 
is  especially  sensitive  at  the  points  where  the  various  branches  of 
the  trigeminus  issue,  and  at  the  line  of  demarcation  of  the  skin  and 
mucous  membrane  of  the  nose  and  mouth.  The  relative  sensitivenea 
of  different  parts  of  the  surface  of  the  body  to  the  faradic  current  will 
be  discussed  in  detail  in  a  chapter  devoted  to  that  subject  in  the  section 
on  Electro-Therapeulics.  A  faradic  current  of  moderate  strength,  when 
applied  to  bones  that  lie  very  near  the  surface,  produces  considerable 
pain  of  a  peculiar  character.  This  pain  is  caused  on  account  of  the 
irritation  of  the  sentient  nerves  of  the  periosteum.  The  forehead  and 
the  region  of  tlie  scapula  and  tibia  are  especially  sensitive  to  elcctriza- 
tion. 

It  is  not  supposed  that  the  bone  is  specifically  affected  by  the  electric 
current.  Both  the  periosteum  and  the  bone,  however,  may  have  an 
increased  amount  of  blood  attracted  to  them  by  the  electric  current. 
Acting  in  this  manner,  electrization  has  been  known  to  reunite  an  old 
fracture.     (See  Electro-Surgery.) 

The  great  and  peculiar  sensitiveness  of  the  skin  to  electricity  is  ex- 
plained in  part  by  the  fact  that  the  epidermis  as  a  whole  is  so  poor  a  con- 
ductor, and  the  electricity  enters  it  by  points  through  the  sudoriferous  and 
sebaceous  glands,  and  the  smaller  the  diameter  of  the  point  at  which  the 
electricity  enters  a  body  the  greater  the  density,  the  strength  of  the 
current  being  constant.  When  now  an  electrode  is  applied  to  the  body, 
the  entire  current,  instead  of  diffusing  itself  over  the  whole  surface, 
enters  at  the  glands,  where  there  is  best  conduction,  and  consequently 
excites  pain.  For  the  same  reason,  to  a  greater  degree,  electricity 
applied  by  means  of  a  metallic  brush  is  far  more  painful  than  when 
applied  with  a  broad  metal  or  si>onge. 

For  the  same  reason  a  wet  sponge  electrode,  when  liglitly  toudied  to 
the  surface  of  the  body,  causes  more  pain  than  when  firmly  pressed  on 
the  skin. 

Oneeflect  offaradizing  the  skin  is  the  phenomenon  of  **  goose-flesh,^ 
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\y  so  called.  This  is  noticed  not  only  where  the  electrodes  are 
,  and  between  them,  but  at  a  distance.  It  is  more  observed  in  the 
i  and  feeble  than  in  the  hardy  and  strong.  It  may  be  excited  bj 
Lirrents  of  momentary  duration.     In  some  persons  it  cannot  be 

at  all. 

m  of  the  Galvanic  Current. — The  effects  of  the  galvanic  current 
skin  differ  somewhat  from  those  of  the  faradic.     At  both  poles 

a  ^i/r«//i^ sensation,  which  increases  in  intensity  with  the  strength 
mrent  and  the  length  of  the  application.  The  sensation,  when 
Bnt  is  closed,  is  like  that  of  a  mustard-plaster,  or,  with  a  very 
ffirrcnt,  that  of  a  hot  iron  pressed  on  the  skin.  The  ''goose- 
ouietimes  appears  as  under  the  faradic  current,  but  it  lasts  longer. 
■s  only  around  the  poles,  and  not  beneath  them,  at  the  points  of 
■  At  \he  positive  pole,  in  some  cases,  there  appears  under  the 
^  at  first,  a  shallow  depression,  and  the  skin  is  pale,  but  soon 
mia  appears,  and  many  little  elevations  here  and  there.  When 
5  current  is  used  an  ischaemic  appearance  is  presented  beneath 
Strode,  and  a  red  areola  extends  for  some  distance  around. 
tie  negative  pole  substantially  the  same  phenomena  appear,  but 
Upemia  arises  more  rapidly,  and  is  more  intense  and  extended. 
Btneral  sensation  caused  by  the  galvanic  current  is  then,  in 
5r,  substantially  the  same  at  both  poles.  In  dt^ree  of  action 
I  a  certain  difference,  since  the  change  at  the  negative  develops 
pidly  and  powerfully. 

above  phenomena  we  have  repeatedly  demonstrated  on  a  variety 
»eraments.  We  have  observed  that  the  rapidity  and  strength  of 
ion  are  considerably  modified  by  the  individual.  Soft,  thin,  and 
^kins  appreciate  the  burning  feeling  and  the  various  stages  of 
Ha  more  quickly  than  skins  which  are  coarse,  thick,  and  hard, 
tsscn,  who  has  carefully  studied  this  subject,  states  that  unpo- 
U  electrodes  are  necessary  in  order  to  obtain  the  complete 
with  certainty.  The  advantage  of  unpolarizable  electrodes  is, 
•y  are  not  so  painful,  and  so  a  current  of  from  thirty  to  sixty 
Is  can  be  borne  for  a  long  time,  say  from  ten  to  thirty  minutes, 
rdinary  electrodes  such  a  current  would  for  most  persons  be  un- 
Ijle  after  the  second  minute. 

ileal  Effects  of  the  Galvanic  Current  on  the  Skin. — The  chemical 
the  galvanic  current  on  the  skin  differ  not  only  in  degree  but 
Jnder  the  negative  pole — when  metallic  electrodes  of  moderate 

^are  applied  on  the  skin,  slightly  moistened — ^there  appc«ir  small, 
that  are  transparent  and  are  not  raised  much  above  the 
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skin.  This  phe'jomena  is  produced  by  a  current  that  causes  a  stntf 
burning  sensation.  These  vesicles  contain  fluid  and  layers  of  epideni 
The  fluid  is  alkaline,  WTien  the  strength  oi  the  current  is  increased 
fluid  becomes  of  a  brownish  color,  and  blisters  arc  formed  and  i 
areola  appears.  The  serum  that  comes  out  on  the  skin  i*  aflatiK 
These  blisters,  and  all  the  other  phenomena,  as  has  been  c 
demonstrated,  appear  more  rapidly  on  delicate  than  on  thick  skini^ 
when  fully  formed  they  are  a  long  time  in  healing,  and  for  days 
weeks  a  yellowish  and  brownish  discoloration  may  be  observed  At  ^ 
points  where  the  skin  was  acted  on. 

If  the  application  be  still  more  protracted  little  ulcers  arie  forsie^^ 
are  also  slow  to  perfectly  heal,  but  are  not  painful,  and  cause  no » 
noyaiice. 

At  the  positive  pole,  when  a  strong  current  is  used  for  sonne  dn^* 
blister  appears,  accompanying  the  other  symptoms  of  **goostte^ 
ischcemia.     The  blister  is  colored    in   its  centre  a  yellowish 
The  serous  fluid  that  comes  from  the  blisters  is  acid.    The  D)etallic< 
trode  becomes  black  through  oxidation.     In  order  to  demonsi 
action  of  the  positive  pole,  it  is  better  to  have  the  connection 
negative  pole  established  by  means  of  a  broad,  soft,  and  well-nn 
sponge. 

Ziemssen  states  that  by  this  experiment,  made  with   tiieraioiDCiia 
no  elevation  of  temperature  takes  place  either  at  the  positive  or 
tive  pole. 

In  all  these  chemical  actions  of  the  galvanic  current  on  the  bodr,B 
probable  that  more  or  less  ozone  is  produced,  and  it  is  not  itnpo 
that  the  o^one  thus  produced  may  in  some  way  modify  the  cfo*| 
(See  section  on  Ozone  and  Ulcers^  in  Electro-Therapeutics.) 

Electro-an(Zsthesia. — It  has  for  some  time  been  a  matter  of 
whether  a  slight  anaesdiesia  can  be  produced  by  the  electric  ci 
It  is  well  known  that  for  a  number  of  years  some  dentists  have 
accustomed  to  connect  the  forceps  for  extracting  teeth  with  one 
of  an  electro-magnetic  apparatus  while  the  patient  rested  his  foot  oo 
other  pole,  so  that  as  soon  as  the  forceps  seized  hold  of  the  tooth  a 
rent  is  established-  Although  this  method  of  producing  anresthesii  is 
now  received  with  favor,  there  is  no  question  that  the  electric  ci 
do  have  a  slight  benumbing  effect.     The  results  of  various  expcrii 
that  we  have  from  time  to  time  performed  in  this  department  scctt 
be  conclusive.     We  have  had  teeth  extracted  while  a  strong 
current  was  passing  through  the  jaw,  and  feel  assured  from  this  \c\- 


itKetic  or  slightly  paralyzing  effect,  from  experiments  on 
unks,  as  the  ulnar  and  sciatic.  His  method  of  operating 
to  place  the  positive  pole  over  some  point  where  the  nerve  was 
facial,  and  the  negative  over  some  one  of  the  terminal  branches, 
[iig  up  the  action  of  the  current  for  fifteen  minutes,  with  the  result 
oducing  a  feeling  of  numbness,  and  less  sensitiveness  to  the  cur- 

Pnorr,  of  Munich,  has  availed  himself  of  the  anaesthetic  effects 
ration  for  opening  felons  and  buboes. 
vc  also  experimented  on  inllamed  and  frritated  mucous  mem- 
In  rhinitis,  pharyngitis,  and  laryngitis,  we  have  for  three  years 
accustomed  continually  to  make  use  of  the  benumbing  effects  of 
raation. 

has  a  ver}' slight  anaesthetic  effect  on  irritated  and  inflamed  mucous 
brane,  and  those  on  whom  it  has  been  employed  desire  to  have  the 
flitions  repeated.  Our  custom  has  been,  in  some  cases,  to  use  local 
ization  after  the  application  of  caustics  and  other  irritants,  in  order 
tlieve  the  very  annoying  pain  that  they  so  often  cause,  or  in  any 
ble  condition  of  the  parts. 

French  physician,  M.  Victor  Revillout,  has  obtained  similar  results 
applications  of  the  faradic  current  to  the  uterus  after  cauteriza* 


•  Mtdkal  Eleciricity.     i860,     pp.  166,  167. 

f  Artkwa  Giniraies  de  Afedtcine.     September,  1868.     p.  356. 
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Dtrfit  Application. — It  has  been  shown  by  Fritsch  and  HiUig 
in  the  cerebral  convolutions  there  are  centres  for  the  production 
W^utury  muscular  movements  in  various  parts  of  the  body, 
phytiologists  took  off  the  upper  part  of  the  skull  of  a  dog, 
mttai  of  weak  galvanic  currents  excited  the  cx^iosed  brain,  looiniig 
llHt  current,  as  far  as  j>ossibIe,  in  stnall  portions.     They  found  thai 
when  certain  definite  portions  of  the  anterior  convolutions  were  excited, 
m^trmm/s  wa-g  caused  in  certain  groups  of  muscles  on  the  opposite  sUt 
ff  iAi  ^&4fy.     Continuing  their  researches,  they  showed  that  there  are 
dvAnite  nerve-centres  for  the  nerves  that  preside  over  the  muscles  of 
the  neck,  the  foott  and  the  face,  for  the  extensor  and  adductor  muscles 
of  the  forearm,  and  for  the  flexor  and  rotator  muscles  of  the  arm- 
Prof.  Fcrrier,  of  King's  College,  London,  has  made  similar  researches 
with  xUxc/aradic  current,  and  with  it  has  investigated  the  brains  of  fish, 
hog%t  dogs,  cats,  rabbits,  guinea-pigs,  and  monkeys.     He  has  studied 
not  only  the  cerebrum,  but  the  cerebellum,  the  corpora  quadrigemina, 
and  other  portions  of  the  brain.     Electrization  of  the  optic  thalami 
lMX)duccd  no  result.     Eteclrization  of  the  corpora  striata  caused  the 
iiiub»  to  be  flexed.    Electrization  of  the  anterior  tubercles  of  the  corpora 
quadrigemina  caused  dilatation  of  the  pupils  and  opisthotonus ;  while 
eJtctri*ation  of  the  posterior  tubercles  caused  the  animal  to  make  all 
tort*  of  noises.     Electrization  of  the  cerebellum  caused  movements  of 
Um  Cjrtballs.     Dr.  Beard  *  has  carefully  studied  this  subject  on  the  braiiM 
of  doffi,  rabbits,  cats,  and  pigeons.     He  used  both  currents,  mild»  me- 
duuu  and  strong,  and  studied  also  the  question  of  diflusion  of  currents. 
Hit  |>roviKional  conclusions  were,  that  the  surface  of  the  brain  was 
plrctrically  excitable ;  that  the  theory  advanced  by  Dupuy  and  other 
Krrnch  observers,  that  the  excitation  was  due  to  the  diffusion  of  the  cur- 
I,  MiH  to  ih.-  cruii;il  ganglia,  was  not  tenable.   Dr.  Bartholowf  had  made 

«  .\tdiivct  ut  Electrology  and  Neurology.     Msy,  1874.  f  Ibid. 


ndency  to  vertigo.  When  a  current  of  even  feeble  tension 
fOm  temple  to  temple,  or  from  one  mastoid  bone  to  its  fellow, 
td  dizziness  is  at  once  perceived,  which  continues  during  the 
3f  the  current,  and  becomes  most  decidedly  manifested  at  the 
le  circuit  is  broken. 

the  passage  of  the  current  there  is  a  very  marked  and  quite 
tendency  to  lean  toward  the  positive  pole,  while  objects  in 
to  move  in  the  same  direction.  When  the  circuit  is  opened 
cversal  in  the  direction  of  the  seeming  movements,  and  the 
ter  instantly  bends  in  the  opposite  direction  toward  the  nega. 

H^enoraena  an  ingenious  and  plausible  explanation  is  given 
When  the  current  passes  from  the  forehead  to  the  occiput, 
nd  left  lobes  of  the  brain  and  all  that  pertains  to  them  are 
symmetrically  influenced,  and  little  if  any  dizziness  is  per- 
*lace,  however,  the  anode  upon  one  tem[>le  and  the  cathode 
ther,  and  mark  the  readiness  with  which  dizziness  is  produced. 
»peration  the  brain  is  no  longer  symmetrically  affected.  One 
b  IS  in  a  condition  of  anelectrotonos,  or  diminished  irritability, 
rther  is  in  a  condition  of  catelectrotonos,  or  increasefl  irrita- 
iS  it  is  expressed  there  is  a  falsincation  of  the  muscular  sense, 
ice  of  the  equilibrium,  and  the  apparently  involuntary  incli- 
ard  the  anode  is  in  reality  a  voluntary  effort  to  restore  the 
loss  of  balance. 

ndicates  several  degrees  of  galvanic  giddiness. 
tre  seme  of  fulness  in  the  head.     This  feeling  is  caused  by  a 
nt  when  broken,  but  not  usually  when  the  current  is  running, 
rkgdiy  when  the  current_is_dose4_Certain_temjiemm 
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3.  Siaggering.   This  is  produced  by  stronger  currents.     In  imp 
ibie  temperaments  very  mild  currents  may  produce  it. 

Movements  of  the  Eyes. — Movements  of  the  eyeballs  have  also  beflll 
observed  by  Hitzig  during  the  second  and  third  stages  of  di/ziuesi  F 
When  a  strong  current  goes  transversely  through   the  head,  and  itl  j 
direction  is  changed,  movements  of  the  eye,  resembling  nystagrau% 
appear.     There  is  a  jerk,  and  then  a  further  movement   If  the  positrte 
pole  be  in  the  right  mastoid,  and  the  negative  in  the  left,  both  eyes  ait 
jerked  toward  the  left,  and  kept  there,  provided  the  ciurent  be  suffi* 
ciently  strong. 

There  are  anatomical  reasons  for  supposing  that  the  brain  can  be 
more  easily  affected  in  ihe  mastoid  and  occipital  regions  than  in  the 
anterior  portion.  A  large  vein  connects  the  transverse  sinus  with  the 
posterior  auricular  veins,  and  witli  the  posterior  meningeal  artery  into 
the  skull  through  the  mastoid  foramen.  In  the  occipital  region  a  vda 
connects  the  transverse  sinus  with  the  vena  cervicalis  profujida  ihrou^ 
the  posterior  condyloid  foramen.* 


SPINAL   CORB. 

Rigid  cramps  of  all  the  muscles  of  the  tnmk  and  extremities  folloff 
electrization  of  the  spinal  cord  when  an  electrode  is  placed  at  eitb» 
extremity  of  the  cord.  Cramps  of  the  same  character  are  also  pro- 
duced when  one  electrode  is  applied  to  the  anterior  and  the  other  to 
the  posterior  column,  either  at  their  upper  or  lower  extremities. 

If  the  spinal  cord  be  divided  at  about  its  centre  and  the  lower  half 
electrized,  only  the  muscles  of  the  lower  or  hinder  limbs  will  contract 
If  the  upper  half  be  electrized,  only  the  muscles  of  the  fore  hmbs  will 
enter  into  contraction.  The  results  will  be  the  same,  whether  the  cut 
extremities  are  separated  or  brought  in  close  contact,  in  which  latter 
condition  no  impediment  is  ofifered  to  the  passage  of  the  ciirrenL 
The  above  researches  of  Weber  have  been  confirmed  by  Dr.  Beard's 
experiments  on  dogs  and  rabbits.  The  effects  are  produced  by  botk 
currents. 

Inhibitory  Effects. — At  tlic  moment  of  closing  and  breaking  a  gal*' 
vanic  current  its  action  upon  the  cord  is  manifest  by  the  contraction  of 
the  muscles  of  the  body  and  limbs ;  but  during  the  passage  of  the  cof  • 

•  Quoted  from  Luwhka  and  Anatomie  its  Mentcken^  toI.  iii.,  a,  jk  154,  \rf 
AllUu*.     TUiidedhion,  p.  139. 


ACTION    OF    ELECTRICITY   ON   THE   SYMPATHETIC   AND    PNEUM< 


In  order  to  intelligently  appreciate  the  experiments  that  have  been 
made  to  determine  the  action  of  electricJiy  on  the  S}Tnpaihciic  and 
pneumogastric,  it  is  necessary  to  keep  constantly  before  the  mind  the 
following  considerations  : 

1.  The  action  of  electricity  on  the  sympathetic  and  pneumogastite 
must  be  modified  by  the  kind  of  electricity  employed,  by  the  strengdv 
of  the  current  and  length  of  the  applications,  and  by  the  condition  Ifll 
temperament  of  the  subject  in  which  the  experiment  is  made. 

To  say  that  galvanizing  the  sympathetic  produces  such  and  sudk 
effects  is  really  to  give  no  information  whatsoever,  for  at  once  the 
inquiring  soul  raises  the  questions,  How  strong  were  the  currents  uscdf 
How  long  were  the  applications?  Were  men  or  animals  subjected  to 
the  experiment?  Were  they  intact  or  injured  ?  If  animals,  what  kind^ 
and  were  the  results  the  same  on  several  animals  of  the  same  kind  ? 

2.  These  nerves  can  be  affected  both  by  external  and  internal  apptt 
cations  of  electricity. 

The  fact  that  external  electrization  affects  these  nerves,  which  has  fa 
some  been  disputed^  is  fully  apparent  from  what  is  known  in  geni 
of  the  electro-conductivity  of  the  body,  is  confirmed  by  special  cxpeH 
ments,  and  is  demonstrated  by  observations  in  physiological  and  patbo 
logical  cases.  This  is  true  not  only  of  the  cervical  sympathetic  gangls 
but  of  all  the  ganglia  of  the  body.  Known  facts  in  regard  to  the  eld 
tro-conductivity  of  the  body  show  that  none  of  the  ganglia  of  Ul 
sympathetic  can  escape  the  electric  influence  when  the  current  is  »p 
plied  over  the  surface  of  the  body. 

3.  The  effects  of  external  application  through  the  skin  on  these  n( 
ctnnot  be  expected  to  be  identical  in  kind  and  degree  with  the  eflfed 
of  direct  application  to  the  nerves  themselves.  Although  the  ccrvia 
ganglia  of  the  sympathetic  and  the  pneumogastric  nerve  are  traversed 
ihc  currents  of  electricity  when  the  electrodes  are  placed  on  the  skin  i 
•ucha  position  that  the  current  in  passing  from  one  to  the  other  finds  thi 
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their  pathway,  yet  on  physical  or  physiological  principles  we 
mot  expect  the  same  results  as  when  the  one  or  both  poles  are  di- 
tly  applied  to  the  nerves.  In  external  applications  it  is  the  derwed 
rents  that  pass  through  the  nerves,  and  direct  polar  effect  is  not 
tied.  When  we  consider  that  the  currents  in  passing  from  one  pole 
She  other  diffuse  themselves  into  nninbcrless  undulatorj',  diverse  cur- 
ts,  it  is  easy  to  see  that  only  a  small  part  of  the  electric  influence 
I  be  appreciated  by  such  small  nerves  as  the  sympathetic  ganglia  or 
!  pneumogastric.  In  the  body  between  the  electrodes  the  currents 
like  diffused  light ;  at  the  electrodes  the  currents  act  like  light  con 
ttxated  to  a  focus.  If  currents  of  sufficient  power  could  be  borne 
Isfnally,  it  is  possible  that  by  single  external  applications  there  could 
btoduced  all  the  effects  that  are  obtained  by  direct  applications  to 

nerves  themselves  j  but  this  is  hardly  probable,  for  the  twofold  rea- 
i  that  the  differential  polar  effect  could  not  be  obtained,  and  that 

great  stimulation  of  each  of  the  electrodes  on  the  surface  would 
nplicate  the  experiment.  These  considerations,  as  it  seems  to  us, 
pciently  explain  what  to  many  has  been  regarded  as  a  great  diffi- 
Ity — that  the  ordinary  therapeutical  measures  for  electrizing  the  sym- 
petic  do  not  produce  the  same  effects  as  direct  applications  to  the 

That  the  sympathetic  and  the  pneumogastric  are  traversed  by  the  cur- 
It  when  the  electrodes  are  placed  on  the  surface  of  the  neck,  is  suffi- 
blly  probable  from  the  known  laws  of  electric  conduction.  When 
^  electrode  is  placed  at  the  nape  of  the  neck,  and  the  other  at 
anterior  border  of  the  sterno-cleido-mastoid  muscle,  the  current, 
Mher  faradic  or  galvanic,  however  widely  it  may  radiate,  and  however 
Cfcerous  the  branch-currents  may  be,  must  by  physical  necessity  trav- 
)  the  sympathetic  and  pneumogastric  There  is  no  more  prob- 
ity that  it  will  go  out  of  its  way,  in  violation  of  physical  laws,  and 
these  nerves,  than  that  a  storm  sweeping  between  New  York  and 
>klyn  will  take  a  circuitous  march  and  avoid  the  East  River. 
3csc  nerves — the  sympathetic  and  pneumogastric — and  the  tissues 
khich  they  are  surrounded,  are  good  conductors,  very  much  superior 
anductivity  to  the  skin,  and  of  almost  the  same  conductivity  as  the 
and  even  if  some  branch  or  derived  currents  pass  through 
tissues,  as  unquestionably  is  the  case,  these  ner\'es  cannot  be 
'  avoided,  and  when  the  electrodes  are  in  central  positions  they 
probably  the  highway  through  which   nearly  the   entire   charge 


^t  stronger  than  the  analogies  of  electro-physics,  and  more  con* 
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Vtncing  than  experiments  on  the  dead  subject,  are  the  observed 
of  electrization  of  the  neck  in  physiological  and  pathological 
These  effects,  which  will  be  detailed  further  on,  harmonize  so 
with  all  our  knowledge  of  nervo-physiology,  and  accord  so  exacdywi 
ivilhologicaj  observation,  as  to  demonstrate  beyond  doubt,  and  withj 
emphasis  by  which  those  who  observe  cannot  fail  to  be  impressed,  thi 
iIk*  sympathetic  and  pneuniogastric  can  be  affected  by  external  faraij 

ion  or  galvanization  of  the  neck.  M 

'  4.  It  is  difficult,  if  not  impossible,  to  aflfect  the  cervical  sympaM| 
or  the  pneumogastricby  external  ap|)hcations,  without  at  the  same  tiffll 
Affecting  the  depressor  nerve,  the  spinal  cord,  or  the  brain,  and  espcclllj 
difficult  is  it  to  limit  the  action  to  the  pneuraogastric  without  atJ 
tame  time  affecting  the  sympathetic,  and  vke  versa.  ■ 

This  conclusion  follows  as  a  logical  result  from  the  anatomical  m 
tJon  of  the  parts  and  from  what  is  known  of  the  electro-conductiviljM 
the  body,  and  is  pretty  distinctly  demonstrated  by  the  physiologia 
llicrapeutical  action  of  the  current  when  externally  applied.     In 
ever  jiHtsition  we  place  the  electrodes,  the  derived  currents,  in  p) 
from  one  electrode  to  the  other,  must  traverse  some  portion  of  both 
great  nerves.  The  base  of  the  brain  and  the  region  of  the  neck  cons 
ihe  most  important  part  of  the  central  nervous  system.     So  far 
can  be  said  to  have  any  centre,  it  is  here,  where  the  pneumogastrt 
phrenic,  and  the  other  great  nei-ves  take  their  origin.     Directly 
rvctly,  by  the  actual  passage  of  the  current,  or  by  reflex  action,  an] 
of  ihis  important  region  is  liable  to  be  affected  in  the  applicatioi 
ployed  in  the  so-called  galvanization  of  the  cervical  sympathetic 

It  is  partly  on  account  of  this  difficulty  of  limiting  the  action  1 
current  to  one  or  other  of  these  great  nerves  that  we  treated  Ihca 
umlct  the  same  chapter.  When  operating  on  these  nerves,  e 
And  laid  bare  and  isolated,  the  action  of  the  current  can,  of  coui^ 
limited  pretty  exclusively  to  the  nerve  operated  on.  The  c< 
laii^Ud  of  the  sympathetic  receive  the  chief  attention  in  all  the; 
WVrttii»n»,  because  they  are  pronjinenl  and  accessible  and  L 
IH^Wf  lUd  ttini  recognized  influence  over  the  cerebral  circulation 
k\i  (he  ganglia  of  the  sympathetic  are  accessible  to  the  electrical 

A<H*n  «f  RUctricity  on  the  Cranial  Portion  of  the  Sympatkeiity 
l|l|  M.  l*ourfour  du  Petit  discovered  that  the  following  sympti 
^i      1  1  i»f  the  cervical  filaments  of  the  sympathetic  vm 

the  pupil,  redness  and  injection  of  the  conjunct] 


Vi 


AUwl  fl.UI«>nU\g  of  the  cornea;  the  eyelids  approach  each 
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ting  membrane  becomes  more  prominent,  the  secretion  from  the 
cous  surfaces  of  the  eye  is  increased,  and  the  eyeball  is  drawn  fur* 
r  into  the  orbit.  In  addition  to  these  symptoms,  the  ears  and 
brils  also  become  red  and  injected,  and  the  head  hotter  and  more 
utive. 

laude  Bernard  observed  that  not  only  did  all  these  phenomena  dis- 
ear  when  the  cranial  portion  of  the  nerve  was  submitted  to  electri- 
E>n,  but  that  quite  reverse  phenomena  appeared.  The  pupil  bc- 
ic  larger  than  natural ;  the  conjunctiva,  the  ears,  and  the  nostrils  be- 

Kuite   pale  ;  the  eyeball  protruded  from  its  orbit ;  the  mucous 
I  became  drier,  and  the  head  cooler  and  less  sensitive  ;  but  as 
i  electrization  was  discontinued,  all  the  phenomena  caused  by 
section  of  the  nerve  again  appeared. 

lectrization  of  the  great  sympathetic  before  it  is  divided  produces 
Dst  precisely  the  same  results  as  after  division.  It  has  been  ob- 
by  Weber,  that  if  either  the  inferior  cervical  ganglia  of  the 
betic  nen'e  or  its  cardiac  branches  are  submitted  to  electrization, 
>n  of  the  heart  is  accelerated. 

\  of  Electricity  on  the  Cephalic^  Thoracic^  and  Abdominal  Gan- 
ection  of  the  sympathetic  causes  3.s  we  have  seen,  increase  of 
|fc  to  the  ear. 

jlow  if  the  cephalic  end  of  the  divided  sympathetic  is  electrified,  the 
leased  temperature  of  the  part  is  lowered  ;  but  if  the  electric  current 
passed  through  the  large  diameter  of  the  ear,  the  temperature  is  further 
tased.  On  the  other  hand,  if  there  has  been  no  division  of  the 
pathetic,  and  the  ear  is  electrified,  the  heat  in  that  part  is  lessened. 
Valentin  found  that  the  galvanization  of  the  superior  thoracic  gan- 
Tevived  the  pulsation  of  the  heart  after  it  had  ceased,  and  increased 
frequency  of  the  beats  when  already  in  action.  Mild  galvanization 
be  splanchnic  nerves  that  arise  from  the  six  lower  dorsal  ganglia 
be  sympathetic  increases,  while  strong  galvanization  diminishes, 
bnistaltic  action. 

^pef  of  direct  EUctritaiion  of  the  Pneumogastric  and  on  the  Respi- 
mt — MM.  Arloing  and  Tripier  have  shown  that  section  of  the 
Umogastric  below  the  medulla  oblongata  so  far  modifies  its  irrita- 
^■hat  the  action  of  the  heart  is  not  arrested,  or  but  for  a  short  time, 
HPferadization  of  the  distal  end  of  the  cut  pneumogastric. 
lie  same  authors  believe  that  weak  faradic  currents  cause  a  slight 
lease  in  the  rapidity  of  the  beats  of  the  heart  and  elevation  of  the 
kl-ptessure  in  the  arteries. 
%ipf  found  that  the  right  pneumogastric  has  a  more  powerful  influ 


cnce  over  the  heart  than  the  left.     Faradization  of  the  fieripherall 
of  the  divided  pneumogaslric  causes  arrest  of  the  action  of  the 
sudden  irregularities  of  its  rhythm,  and  some  diminution  of 
Faradization  of  the  central  end  causes  retarded  and  diminished 


sure. 


According  to  MM.  Arloing  and  Tripier,  faradization  of  the  i 
pneumogaslric  with /^fi-W^f  currents  does  not  accelerate  respiration ;  fan- 
dilation  with  medium  currents  causes  sudden  inspiration  and  foroed 
expiration  ;  faradization  with  strong  and  powerful  currents  causes  I^ 
flex  coughing  and  vomiting.  The  same  observers  found  that  the  left 
pneumogastric  has  a  more  powerful  influence  over  respiration  than  the 
right. 

The  discovery  that  the  right  pneumogastric  has  a  greater  powcrortf 
the  heart  than  the  left,  was  made  by  Masoin,  of  Belgium,  about  thcsaae 
time  as  it  was  made  by  Arloing  and  Tripier.  Masoin  found  the  mow 
ments  of  the  heart  were  stopped  by  the  galvanization  of  the  left  pneuiwv 
gastric.  It  was  possible  to  restore  the  movements  by  a  mechanical  ex- 
citation, such  as  striking  the  heart  with  the  finger  ;  but  after  the  morfr 
ments  were  stopped  by  galvanization  of  the  right  pneumogastric,  it  fll« 
not  possible  to  restore  them  in  that  way. 

Dr.  Brown-Sdquard  *  states  that  he  has  found  the  same  differeoce*  to 
exist  in  men  as  in  animals,  judging  from  experiments  made  not  by  electti" 
city,  but  by  pressing  on  the  nerves  near  the  angle  of  the  jaw. 

Arrest  of  Respiration  by  Galvanization  of  the  Laryngeal  and  ctitf 
Branehes  of  the  Pneumogastric— \i  has  been  shown  by  Brown-Stqiurdf 
that  electrization  of  the  upper  or  the  lower  lar)Tigeal  nerves  cattses 
arrest  of  the  respiration,  and  Bidder  has  shown  that  a  reflex  spasm  of 
the  glottis  may  be  caused  in  the  same  way.  Electrization  of  dw 
CESophagus  and  pharynx  may  sometimes  produce  the  same  effect  If 
the  upper  laryngeal  nerve  is  electrized  after  the  chest  is  opened,  ihc 
arrest  of  the  respiration  docs  not  take  place  as  easily  as  when  the 
chest  is  not  open.  The  respiration,  when  thus  arrested,  usually  re* 
turns  in  the  course  of  a  quarter  or  half  a  minute,  whether  the  clectriz»' 
tion  is  continued  or  not. 

The  effect  of  electrizing  the  pneumogastric  on  the  respiratioo  it 
modified  by  two  factors — the  portion  of  the  nerve  that  is  electrized 
and  the  strength  of  the  current  Mild  galvanization  of  the  pneumogM. 
trie  in  the  lower  part  of  the  neck  may  increase  the  respiratory  morc- 

•  Arekivtt  <•/  ScitiUifis  and  Practical  Medicint    Janxiary,  1873,  p.  9a.. 
f  Ldc  cit,  p.  96. 
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large  variety  of  individuals  of  different  ages  and  by  different  metbodici 
application.  One  of  the  electrodes  is  placed  in  the  mastoid  (o-^-^  :  ' 
the  other  over  the  seventh  cervical  vertebra,  or  at  the  top  of  tlicr  c.-vi_ 
Both  directions  of  the  current  are  used.  We  used  in  these  cxperiniiafi 
a  zinc  carbon,  or  the  Sraee's  battery,  of  from  5  to  30  cells,  from  i  to  J 
or  10  minutes. 

The  general  results  of  our  researches  may  be  thus  summed  up : 

1.  A  slight  feeling  of  drowsiness.  This  sometimes  began  to  be  pa*- 
ceptible  shortly  after  the  electrodes  were  applied,  increased  up  to  \ 
certain  point,  and  continued  for  some  little  time  after  ^h^  sianctm 
over.  In  many  cases  it  is  not  observed  until  the  lapse  of  five  or  ta 
minutes  after  the  siance.  The  feeling,  which  was  by  no  means  cob- 
stant,  was  usually  so  slight  that  it  might  not  have  been  observed,  bd 
we  not  in  our  experiments  kept  closely  on  the  watch  for  every  sca» 
tion  experienced  during  or  just  after  the  application. 

Some  individuals  are  amazingly  susceptible  to  this  soporitii: 
galvanization  of  the  neck.  A  young  lady  whom  we  were  trc 
facial  acne  by  central  galvanization,  was  frequently  put  right  to  iecf 
within  one  minute  after  the  application  began.  Her  eyes  would  cJosb 
and  her  head  would  droop  and  nod  ;  and  when  the  electrode*  wot 
removed  she  would  awake  but  slowly,  and  with  a  vacant  look  ui 
drowsy  feeling,  such  as  we  all  experience  when  we  are  suddenly 
from  a  nap.  This  effect  followed  any  sort  of  application  arouadi 
neck  with  either  pole  and  in  any  direction. 

On  the  accepted  theory  tliat  a  state  of  cerebral  an;emia  predispoiff 
to  sleep,  we  should  reason,  d  priori^  that  electrization  of  the  sraj*-] 
thetic  ought  to  induce  a  feeling  of  drowsiness,  since  on  some  r 
uals  it  unquestionably  diminishes  the  current  of  blood  in  tlie  bf 
experimentally  we  have  found  that  it  does  thus  induce  a  s!i. 
temporary  disposition  to  sleep,  although  this  result  is  probably  i^^ '" 
marked  than  it  would  be  if,  without  injury  to  the  living  subjrt't'*' 
application  could  be  made  directly  to  the  ganglia,  and  this  effe^i 
no  means  uniform,  but  varies  with  tlie  strength  of  the  curreiib  ^" 
with  the  temperament  of  the  individual. 

2.  A  feeling  of  warmth  through  the  system  with  sensible  persp'--^ 
This    was  not  a  constant  symptom,  though   it   was    oftentim^ 
decided.     To  produce  sensible  perspiration  usually  requires  a  -^ 
current  and  a  long  application.     The  extent  to  which  this  was '    ' 
manifestly  dependent  on  the  strength  of  the  current  and  the  k 
the  application-     It  was  usually  felt  but  a  short  time  after  iht 
was  completed.     We  have  observed  this  effect  more  frequcnii)  -^ 
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many  variations,  according  to  the  strength,  length,  and  locality  dl 
applications.  If  an  electrode  is  placed  in  the  auricwlo-maxillary  f< 
of  each  side,  the  changes  in  the  pupil  occur  on  both  sides,  but  are  looT^ 
marked  on  the  side  on  which  is  the  negative  pole.  The  same  applied 
tion,  continued  for  some  time  with  a  strong  current,  reduced  the  norin»l 
pulse  from  4  to  i6  beats  a  minute  and  the  pathological  pulse  ctrtH 
more,  diminished  the  tension  in  the  carotid  and  vertebral  arteries,  aod 
markedly  altered  their  sphygraographic  tracings.  The  same  observers 
found  that  galvanization  of  the  spine  also  diminished  the  beats  of  the 
pulse. 

Effect  of  External  Eleciritation  through  the  neck  on  the  J^etimit 
Circulation. — In  order  to  determine  the  effect  of  external  appliai- 
tions  of  electricity  through  the  neck  on  the  retinal  circulation,  we  have 
made  many  experiments  with  the  aid  of  a  number  of  leading  ophthal- 
mologists. 

Thess  experiments,  which  have  been  frequently  repeated  with  dif- 
ferent individuals,  with  different  strengths  of  current,  and  with  different 
batteries,  seem  to  us  to  demonstrate  the  following  pro|X>sitions  :  ♦ 

I.  Galvanizing  or  faradizing  the  region  of  the  cervical  sympathetic 
has  a  marked  temporary  infiuence  over  the  retinal  circulation.  It  mfty 
cause  contraction  of  the  arteries  or  dilatation  of  the  veins. 

3.  The  faradic  current  produces  precisely  the  same  effects  on  the 
retinal  circulation  as  the  galvanic,  only  more  slowly.  The  physiological 
difference  between  the  currents  in  this  respect  is  therefore  a  difference 
of  degree  and  not  of  kind. 

3.  Mild  currents  and  short  applications  caused  contraction  of  the 
blood-vessel  of  the  retina,  white  strong  currents  and  long  applications 
caused  dilatation.  Much  seemed  to  depend  on  the  temperamcni  and 
condition  of  the  individual.  Uluit  would  cause  contraction  in  0nt 
would  in  the  other  cause  dilatation.^  These  var)ing  effects  correspond 
with  clinical  experience. 

4.  When  the  patient  on  whom  the  experiment  is  made  is  in  an 
excited  or  irritable  condition  from  any  cause,  or  from  previous  electri- 
zation, even  a  mild  current  will  sometimes  cause  dilatation  at  once, 
without  any  early  contraction. 

•  The  ophthalmologists  who  observed  the  retina  ta  these  experiments  were  Drs^ 
Roosa,  Hackley,  Loring,  Matthewson,  Prout,  and  Newion,  to  ail  of  whom  we  deur* 
to  return  our  acknowledgments. 

\  The  opposite  and  contradictory  results  obtained  by  diflerent  observers  who  har« 
studied  the  elTtfcts  of  chloral,  bromide  of  potawiun,  etc.,  on  the  retinal  drculatioo, 
may  be  similarly  explained. 
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The  contraction  which  takes  place  is  sometimes  followed,  a  few 
ites  after  the  close  of  the  siance^  by  dilatation  which  is  greater  than 
lal. 

The  dilatation  which  takes  place  is  sometimes  followed  by  con- 
JM  after  the  close  of  the  siance. 

|bme  of  the  experiments  no  effect  on  the  retina  could  be  detected. 
'essible  and  nervous  temperaments  seem  to  exhibit  changes  in  the 
1^  condition  of  the  retina  much  more  readily  than  cold  and  phleg- 
Bemperaments. 

te  question  now  arises.  Whether  these  changes  in  the  retinal  circu- 
»  were  due  to  the  effect  of  the  current  on  the  sympathetic  or  on 
Jticumogastric,  or  did  they  take  place  through  the  spinal  cord  or 
jflex  action  ? 

Its  question  is  answered  by  comparing  the  results  of  these  experi- 
:s  with  the  result  of  experiments  made  by  Duchenne  and  Prof, 
eois,  of  Paris.    These  gentlemen  laid  bare  the  cervical  sympathetic 

rabbit,  and  electrized  it  with  both  currents  in  the  same  manner 
nc  electrized  the  necks  of  the  individuals  on  whom  we  experimented- 
BKults  on  the  cirailaiion  in  the  rabbit's  ear  were  in  every  distinc- 
ftture  identical  with  the  results  on  the  retina  when  the  galvanic 
(ftl  was  passed  through  the  neck  of  the  living  human  subject. 
le  other  effects  of  galvanizing  the  region  of  the  cervical  sympathetic 
(position  to  sleep,  sweating,  increased  circulation  in  tlae  extremities, 
-seem  to  confirm  these  physiological  observations. 
icse  experiments  have  been  partially  conftrmed  by  Oniraus,  who 
ibown  that  the  circulation  of  the  retina  may  be   influenced  by 
LDization  of  the  cenical  sympathetic.     He  observed  hyperaemia, 
his,  as  we  have  shown,  is  not  a  constant  effect. 
xperiments  with  the  Sphygmograph. — We  have  made  experifuents 
H^  sphygraograph,  with  the  assistance  of  Dr.  L.  De  Forest  Wood- 

Assistance  in  the  study  of  sphygmography  we  are  under  obligationi 
lB.oger  S.  Tracy.  A  few  samples  of  the  observations  are  repre* 
d  in  the  cuts. 


ig,  soporific  influence  is  very  frequently  produced  by  general 
ion,  and  the  eflfect  on  the  pulse  harmonizes  with  this  obser- 

ese  efifects  on  the  pulse  gradually  pass  away,  but  are  distinctly 
»  for  a  number  of  minutes  after  the  electrodes  are  removed, 
jffect  of  the  current  thus  applied  on  the  circulation  is  pro- 
complex  resultant  of  the  eflfect  of  the  electricity  on  the 
gastric,  the  sympathetic,  the  depressor  and  the  spinal  cord, 
rendate  these  efifects  is  manifesdy  impossible. 
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ACriOK  OF   ELECTRICnr  ON    THE   NERVES  OF  SPECIAL  SENSK. 

Action  of  the  Galvanic  Current  on  the  Optic  Nerve. — The  galvanic 
current,  when  a^jplied  to  the  eye,  causes  ho^Jlashes  of  tight  and  per- 
ception  of  color. 

If  one  electrode  is  placed  on  the  tongue,  or  on  any  part  of  the 
mucous  surface  of  the  mouth  or  nose,  and  the  other  on  any  part  of 
Ihc  surface  of  the  body,  the  flash  is  readtJy  perceived. 

The  character  of  these  flashes  is  variously  modified  by  the  strength 
of  the  current  and  the  suddenness  of  the  interruption.  The  tempenu 
uiciit  of  the  patient  also  modifies  the  reaction,  and  the  effect  of  the  two 
poles  is  usually  quite  different. 

We  have  studied  this  subject  with  various  strengths  of  current,  and 
•ubjecls  of  both  sexes  differing  widely  in  age  and  temperament. 

In  one  subject — a  young  man  of  nervous  temperament — the  positive 
|4i>lc  placed  over  the  eye,  with  a  medium  current  from  ten  zinc-carbon 
C«n«i  caused  a  white  central  spot,  with  a  light  areola.  The  white 
central  spot  varied  in  shape  between  that  of  a  quarter  or  half  to  a  full 
luoon.  When  the  negative  pole  was  placed  over  the  eye,  the  central 
sj^ot  appeared  of  a  bluish  or  purplish  color,  and  the  areola  was  the  same 
ii4  under  the  positive  pole.  In  both  cases  the  areola  seemed  to  consist 
4*i  waves  of  light  radiating  from  the  centre  toward  the  periphery. 

lu  making  tliese  experiments,  the  pole  that  is  placed  over  the  eye  it 
(Miued  with  a  soft  sponge,  and  is  pressed  firmly  on  the  closed  lid,  while 
Iho  uthcr  iti  applied  at  the  back  of  the  neck,  or  is  held  in  the  hand  of 
Iho  lubjcct. 

\\\  rtuolht'r  subject,  a  young  physician  of  good  health,  and  nervo- 
iiU||iun«'  U'iii]>crament,  the  positive  pole  from  a  current  of  six  cells  caused 
i  CtfiUUvkl  ♦Siik  of  a  pink  color,  and  from  this  spot  violet  waves  radiated 
,»...,.. I,  ,1,^  areola.  The  pink  disk  appeared  when  the  current  was 
^Kf.  violet  areola  flashed  out  when  the  current  was  broken.  The 
luHrttivt'  pole  produced  reactions  every  way  similar.  This  subject 
vimUv)  Uvit  b<^^»r  v'lv  ntroog  currents. 
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everal  other  physicians  on  whom  we  experimented  could  not  di» 
nguish  any  central  disk,  but  all  could  readily  see  the  light  areola. 
The  conclusions  from  the  above,  and  numerous  similar  experiments 
I  made  in  different  individuals,  are  as  follows  : 

I.  A  mild  as  well  as  a  strong  galvanic  current  applied  to  the  eye,  and 
Jintemipted,  causes  a  flash  or  glimmer  of  light  to  appear. 

a.  A  medium  or  strong  galvanic  current  causes,  in  addition  to  the 
of  light,  a  distinct  central  spot  of  varying  shape,  and  both  the 
entral  spot  and  the  areola  may  be  of  various  colors,  as  pink,  purple, 
fellowish,  and  violet. 

3.  With  some  individuals,  though  not  with  all,  the  colors  of  the  central 
3t  and  of  the  areola,  and  their  relative   arrangement,  appear   dif- 

erently  under  the  two  poles,  and  also  differently  at  the  closing  and 
Dpening  of  the  circuit. 

4.  All  those  reactions,  like  all  other  electro-physiological  reactions, 
r  variously  modified  by  the  temperament  of  the  individual  operated  on 

ad  by  the  strength  of  the  current. 

The  above  conclusions,  as  uill  be  seen,  differ  somewhat  from  those 
Helmholtz  and  others  who  have  studied  this  subject.      The  differ- 
|enlial  action  of  the  ascending  and  descending  currents  we   have  not 
en  able  to  demonstrate,  and  see  no  way  of  demonstrating.     We  be- 
that  here,  as  in  so  many  other  electro  physiological  and  electro- 
berapeutical  procedures,   the  differential  polar  action  has  been  con- 
inded  with  the  dififerential  action  of  the  ascending  and  descending 
rents. 

Although  the  above  reactions  in  their  full  degree  can  be  most  con- 

Pveniently  obtained  by  placing  one  electrode  over  the  closed  eye,  and 

jlhc  other  in  the  hand  or  at  the  back  of  the  neck,  yet  the  general  re- 

laction  of  the  glimmering  flash  of  light  can  be  obtained  by  placing  one 

|clectrode  in  the  vicinity  of  the  eye,  or  on  any  part  of  the  face  or  beard, 

in  the  mouth.     In  susceptible  persons  the  flash  comes  from  intcr- 

apted  galvanization  of  the  neck  or  spine. 

Faradic  Current. — The  current  from  the  primary  or  secondary  coil 

the  ordinary  faradic  machines  has  little  or  no  perceptible  effect  on 

he   retina,  as  we  have  demonstrated  by  various   experiments.     We 

avc  found,  however,  by  repeated  observations,  that  the  current  from 

;  long  coils  of  the  electro-magnetic  machine  manufactured  by  Kiddet 

a  most  decided  action  on  tlie  retina.     The  peculiar  construction  of 

be  coil  of  this  machine  will  be  described  in  the  chapter  devoted  to 

pparatus  for  electro-therapeutics.     It  is  sufficient  here  to  say  that  it  is 

omposed  of  three  or  four  or  more  coils  of  insulated  copper-wire,  the 
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inward  coil  being  short  and  thick,  and  the  others  gradually  increasmg 
in  the  length  of  the  wires.  These  coils  are  not  separate  and  distinct,  as 
in  ordinary  machines,  but  connected,  and  arc,  so  to  speak,  tapped  at  the 
points  of  union,  so  as  to  obtain  a  number  of  currents  varjnng  in 
quantity,  tension,  and  physiological  power.  It  is  from  the  fourth  and 
fifth  coils,  which  are  not  furnished  to  the  majority  of  his  smaller  maiChtnes^ 
that  wc  obtain  the  reaction  of  the  retina  that  we  are  now  to  describe. 
The  reaction  is  best  obtained  by  placing  a  medium-sized  sponge 
electrode,  welt  moistened,  over  the  closed  eye,  or  very  near  to  the  eye, 
while  the  other  electrode  is  held  in  the  hand  or  applied  to  some 
indifferent  point,  as  the  back  of  the  neck^  or  arms,  or  feet  With  a 
current  of  moderate  strength  thus  applied,  a  circle  felled  with  wavy, 
undulating  light,  or  whitish  spots  or  figures,  appears.  It  is  difficult  to 
convey  in  language  a  precise  description  of  this  appearance.  If  snow- 
flakes  could  be  elongated  somewhat,  and  made  to  coil  about  in  various 
directions,  they  would  give  a  good  idea  of  this  reaction.  If  we  look 
through  a  window  at  a  thick,  driving  snow-storm,  mth  large  flakes,  wc 
can  get  a  not  very  incorrect  notion  of  the  reactlcn,  as  we  have  over 
and  over  again  demonstrated  on  ourselves  and  others.  So  far  as  we 
have  been  able  to  see,  bright  or  variegated  colors  do  not  appear,  except 
from  the  current  of  ihc  fifth  coil.  The  negative  pole  gives  a  stronger 
reaction  than  the  positive  ;  but  not  api^ireciably  different  in  character. 
This  reaction  of  the  fourth  coil  of  this  machine  is  utterly  unlike  diat 
which  is  obtained  from  either  pole  of  the  galvanic  current  Thb  efifect 
has  long  been  shown  by  the  inventor  of  this  machine,  and  has  been 
illustrated  by  him.  We  were  induced  to  question  his  assertions  until 
we  had  first  made  experiments  of  our  own  with  the  different  coils  of 
the  machine. 

The  Effect  of  Electrical  Irritation  compared  with  Mechanical  Trrit^ 
Hon  of  the  Eye. — It  is  interesting  to  compare  the  reaction  produced 
by  the  galvanic  and  faradic  currents  on  the  retina  to  the  effects  of 
mechanical  irritation.  We  have  found  by  experiment  on  ourselves 
that  rubbing  the  eyes  when  closed,  or  partially  closed,  causes  various 
and  oftentimes  beautiful  appearances.  Very  frequently  a  central  spot 
will  appear,  varying  in  shape  and  color,  and  changing  in  shape  and 
color  during  the  irritation.  All  conceivable  shapes,  and  every  grade 
of  color,  we  have  seen  in  this  way  over  and  over  repeated  ;  sometimes 
a  mere  circle  of  light  shading  off  into  darkness,  and  again  a  definite  and 
well-formed  object,  brilliant  in  color,  standing  forth  clear  and  beautiful 
against  the  dark  background.  Forms  resembling  a  bouquet  of  flowers, 
or  a  cluster  of  stars,  or  various  shapes  of  crystals,  appear  with  such 
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|wadness  that  we  love  to  prolong  the  experiment.     Simple  pressure  on 
he  side  of  the  eyeball  will  cause  reactions  somewhat  similar  in  kind 
(chough  less  in  degree)  to  those  produced  by  the  faradic  current. 

These  reactions,  however,  are  not  constant ;  they  vary  greatly  with 
individual,  and  with   the  same   individual  at  different  times.     In 
to  obtain  the  most  beautiful  appearances,  it  is  necessary  to  first 
pook  for  a  moment  on  bright  tight,  or  to  have  the  eyes  open  in  the  full 
light.     It  would  seem  that  the  retina  must  first  become  sensitive, 
Ibjr  cxposxjre  to  strong  light,  before  the  reactions  can  appear  in  their  full 
|«xtent. 

Action  of  Electricity  on  the  Auditory  Nerve  ;  Action  of  the  Faradie 
\Current, — The  faradic  current,  when    applied  to  the  ear,   or  in  the 
ricinity  of  the  ear,  causes  a  ringing,  or  humming,  or  rumbling  sound, 
ling  to  the  method  of  application  and  the  strength  of  the  current. 
bese   sounds  are  due,  in  part,  to  the  susurri  of  the  muscles. 
Action  of  the  Galvanic  Current. — To  the  galvanic  current  the  audi- 
Itory  reacts  by  certain  fixed  laws. 
This  normal  formula  is  as  follows  : 
.  S  Kl,  distinct  accented  sound. 
La  D  Kl  >,  sound  disappearing  by  degrees. 
Ka  O  — ,  no  sensation  of  sound. 
^n  S  -, 

D  -,  " 

in  O  Kl,  weak  and  short  sound,  similar  in  character  to  Ka  S. 
tn  the  above  formula,  Ka  =  Kathode  (negative  pole),  An  =  Anode 
(positive  pole),  S  =  closing  (schliesung),  O  =  opening  (oeffnung),  D 
^  duration  of  current 
Pf  =  whistling  sound. 
Kl  =  ringing       " 
r=  hissing  *• 

tie  sensations  with  Ka  S  appear  sooner  and  stronger  than  with 
O. 
This  formula,  it  will  be  observed,  hannonizes  with  the  law  of  elec- 
nos  (seep,  iii),  and  Pfliiger's  contraction  law — that  "a  nen>e  is 
stimulated  by  the  appearance  of  catelectrotonos  and  the  disappearance  of 
anfUcfrotonos  ;  not^  however,  by  the  disappearance  of  catelectrotonos  and 
th4  appearance  of  anelectrotonos.     (See  p.  116). 

Although  the  character  of  sounds  varies  with  the  strength  and  contin- 
[  oaoce  of  the  current  and  with  the  individual,  yet  in  the  healthy  ear  the 
pclar  effects  never  vary. 
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Tliere  is  never  any  sensation  of  sound  with  the  dosing  of  the 
(An  S),  except  in  pathological  conditions. 

The  polar  effect  is  therefore  the  leading  effect,  and  the  directton  oi 
the  current  through  the  auditory  nerve  appears  to  have  no  demonstja* 
ble  influence. 

The  use  of  the  rheostat  and  the  changes  in  the  reactions  that  are 
made  by  interposing  the  various  grades  of  resistances  in  the  circuit  *re 
represented  in  the  following  experiments  of  Brenner  :  * 

The  experiment  was  performed  on  a  healthy  ear  that  had  been  cured 
a  short  time  before  of  a  catarrh  of  the  middle  ear.  The  number  of 
elements  is  in  Romany  the  number  of  resistances  in  Arabic. 


XX  10-80  gave  no  reaction. 
XX  90-120  KaS — ^Buziing  of  flies 
very  short 

KaD 

KaO 

AnS  

An  D  — 

An  O  

XX  130-170  Ka  S — Stronger  buzz- 
ing. 

Ka  D — Same, 

KaO  

AnS   

AnD 

An  O  

XX  13&-350  Ka  S — Distant  rum- 
bling of  wag- 
ons. 

Ka  D— Same. 

Ka  O  

AnS   

An  D 

An  O — B 11  z  2  i  D  g  of 
flies. 


XX  260-400  Ka  S — Rumbling 
cannon. 
Ka  D— Same  > 

KaO 

AnS   

AnD  


of 


of 


An  O — Rumbling 
wagons, 
XX  410-550  Ka  S— Striking  of  me- 
tallic plate. 

Ka  D— Same  > 

KaO 

AnS   

An  D 

An  O — Rumbling. 

Ka  S — Sharp  ring  Uke 
a  silver  table 
belL 

Ka  D— Same  > 

KaO 

AnS   

An  D 

An  O — Weaker    and 


XX  s6o~ 


shorter  ring 
ing. 

Erb  f  gives  the  following  result  of  experiments  on  himself: 


•  Op.  dl.,  Band  L,  p.  105. 

f  Arthiv  Ofkthalmolcgy  und  Otatag. 


VoL  I,  No,  I,  p.  fl46L 
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thoroughly  agree  with  Brenner  and  Erb  that  these  reactions  of  the  a4l(& 
tor)'  nerve  are  oblained  by  the  direct  action  of  the  current  on  the  nerf«^ 
and  not  by  njiix  action  through  the  trigeminus.  This  view  is  proved 
by  the  general  fact  of  the  conductibiUty  of  the  tissues  of  the  brain  (see 
chapter  on  that  subject),  by  the  fact  that  even  when  the  trigeminus  M 
paralyzed  the  reaction  may  yet  occur,*  and  by  the  fact  that  when  the 
electrode  is  placed  in  a  condition  favorable  for  the  entrance  of  the 
current  into  the  ear,  the  reaction  is  more  decided  than  when  the  elee» 
trode  is  placed  in  a  condition  favorable  for  the  excitement  of  the  trig©, 
minus,  but  unfavorable  for  the  direct  entrance  of  the  current,  as  has 
been  conclusively  shown  by  Erbf  and  by  ourselves.J  We  have  removed 
the  pole  from  the  iragus  to  ihe  maiar  bone  and  the  cheek,  both  of  vtn 
points  are  highly  favorable  for  the  excitation  of  the  trigeminus^ 
have  found  that  with  removal  the  reaction  diminished  or  disappeared. 

In  order  to  obtain  that  normal  formula,  the  following  conditions  aie 
necessary  : — 

1 .  Convenient  galvanic  apparatus. 
A  very  powerful  galvanic  battery  is  not  needed.     The  range  of 

ments  to  which  the  auditory  nerve  sensibly  reacts  is  between  2  to  30^  J%i 
some  cases  quite  strong  currents  are  necessary.  The  galvanic  batteries 
and  electrodes  described  in  this  work  are  adapted  for  these  invcstiga* 
tions.  There  should  be  a  current  reverser  ;  and  a  rheostat,  though  ooi 
exactly  indispensable,  is  yet  very  convenient. 

2.  A  right  method  of  application,  and  practice  in  using  it. 

On  the  whole,  the  best  method  of  application  to  produce  these  reac- 
tions is  the  external  arrangement,  in  which  one  pole  is  firmly  pressed 
on  the  tragus  (the  ear  external  auditory  canal  having  been  previously 
filled  widi  warm  salt  water),  while  the  other  is  held  in  or  fastened  on 
tlie  hand  on  the  opposite  side.  Any  convenient  electrodes  may  be 
used  for  these  purposes.  So  long  as  the  pole  whose  specific  effect  we 
desire  to  produce  is  on  the  right  place  in  the  ear  or  on  the  tragus,  the 
position  of  the  other  electrode  is  not  absolutely  essential,  provuJctl  it 
is  somewhere  on  the  opposite  side^  so  as  to  allow  the  eurreni  to  pa$$ 
through  the  auditory  nerve.  It  is  difficult  or  impossible  to  gel  the 
reaction  while  the  pole  is  on  the  mastoid  process  of  the  same  side.     It 


♦  Vide  Moo^  case,  above  quoted  in  Archlv  Ophth.  imd  OtoL ,  toI.  i. ,  Now  a,  |^ 
♦82. 

f  Archiv  Opiilh.  und  Otol.,  vol.  1.,  No.  i,,  p.  261  et  soq, 

X  For  a  detailed  discussion  of  tbii  subject,  see  Brenner's  work.  Band  L,  1  Abth.4 
p.94,etfeq. 


Dvesdgatiog  electro-muscula-r  sensibility,  it  is  necessary 

entirely  on  the  statements  of  the  patient  for  our  information. 

e  strong-minded  and  intelligent  are  sometimes  so  distressed  by 

n  produced  by  the  applications,  or  so  distracted  by  the  sensa- 

tiis:iness,  and  the  contractions  of  the  faciai  muscles^  that  they 

to  rightly  inter^jret  their  subjective  sensations  in  the  car. 

ary  that  the  experiments  should  be  made  on  a  number  of 
^wi  order  to  obtain  the  variety  of  reactions  above  described, 
best  also  to  make  the  first  experiment  on  patients  who  have 
I  ears,  for  it  is  as  true  of  the  auditory  as  of  the  nasal  passages 
J  sometimes  become  less  sensitive  when  diseased-  This  is  to 
lined  partly  by  the  manipulations  and  treatment  to  which  such 
\  become  accustomed,  and  partly  by  tlie  fact  that  tiie  morbid 
itself  produces  callousness  of  the  parts. 

operator  should  proceed  calmly  and  with  self-command.  After 
lent  is  in  position,  with  his  head  inclined  on  the  back  of  Ihe 
r  lounge,  and  one  of  the  electrodes  fastened  to  or  held  in  the 
|>posite  the  ear  to  be  experimented  on,  a  little  warm  salt  water 
be  dropped  in  (which  can  be  very  conveniently  done  by  squeez- 
small  quantity  necessary  to  fill  the  external  auditory  canal  from 
sponge  or  from  a  teasjioon  or  funnel-shaped  glass  *)  and  the 
lectrode  firmly  pressed  on  the  tragus.  It  is  well  to  begin  with 
number  of  elements,  and  gradually  increase  until  a  reaction  is 
iL     The  reaction  will  usually  appear  when  the  current  is  strong 

§  produce  contractions  of  the  facial  muscles.  The  patient 
the  time  be  continually  and  repeatedly  questioned  in  regard 
sensations  experienced,  especially  if  he  is  unaccustomed  to  the 
■rtL  for  at  6rst  he  rna-r  be  so  distracted  by  the  Hashes  of  iiirkt 
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If  the   battery  is   provided  with  a  commutator^  for   increasing 
diminishing  the  number  of  elements  brought  into  requisition,  a  currt^ 
rn'tncr  for  changing  the  direction  of  the  current  without  removing  (he 
poles,  and  a  rheostat  for  introducing  resistances  into  the  circuit,  liie 
labor  of  the  operator  will  be  materially  lightened ;  but  such  appltanm 
are  not  indispensable. 

The  operator  should  remember  that  the  reactions  are  modified  bf  die 
experiment  itself,  {a.)  Ka.S  is  most  effectual  after  An.S.  Thercfoie 
the  use  of  voltaic  alternatives  is  of  service. 

{b.)  The  excitabiUty  of  the  ner\e  is  increased  by  long  closure  of  atl^ 
ode  (Ka.S.). 

(f.)  The  excitement  of  An.O.  increases  with  the  strength  of  the 
rent  and  the  length  of  closure. 

It  should  be  remembered  also  that  Ka.S.  is  stronger  and  qui 
th.an  An.O. 

Jiulgins;  from  our  own  researches  in  this  department  these  three 
ing  .statements  of  Brenner — that  the  auditory  nerve  reacts  to  thf  nf(trt\ 
electrode  in  a  regular  manner,  that  in  health  sounds  of  some  kind  atc 
|>rO(luccd  at  the  closing  and  in  the  duration  of  the  cathode,  and  ihatift 
puthological  cases  a  part  of  the  normal  fornviila  is  more  or  less  <  ■ 
—are  capable  of  sufficient  and  easy  deu^onstration   to  those  w 
thoroughly  familiar  with  electro-therapeutical  experimentation. 

On  the  other  hand,  some  of  the  specia!  features  of  Brenner's  s; 
iift'et  ditlicullies  in  the  way  of  their  successful  and  uniform  demonstr*' 
tiv>n  that  can  only  be  overcome  by  careful  practice  in  this  special  dfr 
|)Mrtment.     To  catch  the  sounds  which  in  health  are  heard  at  the  opeo* 
lug  t>f  the  anode  ;  to  distinguish  between  the  noise  caused  by  the  agiti* 
lion  of  the  water  in  the  ear,  and  the  subjective  sounds  that  are  so  fire* 
quciuly  tije  symptoms  of  disease  of  Uic  auditory  apparatus  and  the  gcim^ 
iUtt  reaction  of  the  auditory  nerve ;    to  obtain    the  complete  normal 
((Uituda  in  health,  and  to  satisfactorily  discriminate  between  the  varioui 
llbiMUiiiiit  reaciions  of  disease — the  first  attempt  to  fully  corroborate  all 
llu^  l^u^rtiont  in  these  particulars  will  usually  result  in  complete  or  puv 
^|4  (allur*!,  enpecially  to  those  who  are  unfamiliar  with  the  use  of  gaU 
Vanu    tp|iar.iiiis. 

.M  <»/  Irritability. — Brenner  distinguishes  three  different  dc» 
Muv«  *»!  uiitability  of  the  auditory  nerve,  according  to  the  number  of 
vlviuviiu  ihiU  it  lakes  to  excite  the  reaction.  The  degrees  of  irritability 
Ukj^v  U«  thrtu^id  during  the  sitting  by  the  effect  of  the  current  OD 
^^  -v     Aud  cipccmlly  by  the  voltaic  alternatives. 

it  A\  the  beginning  of  the  sitting  the  nerve  reacted  to  i6  e)»> 
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Bcnts,  but  to  no  number  less  than  that,  these  t6  elements  would  repre 
iwt  the  prinuiy  irritability  of  that  nerve. 

I/bv  various  alternations  of  the  current  the  nerve  is  brought  into  a 
coiHfiiion  that  it  reacts  to  12  elements,  these  12  elements  represent  the 
mmdary  irritabtlity  of  that  nerve. 

IC  by  still  farther  excitation,  the  ner\'e  is  made  to  react  to  10  ele- 
ments, these  10  elements  represent  the  tertiary  excitability  of  that  nerve. 
In  opposition  to  the  above  conclusions  Dr.  Wreden,  of  St.  Peters- 
hlTg,  has  made  a  number  of  experiments  which  seem  to  him  to  establish 
ibi  the  sounds  heard  during  galvanization  of  the  ear  are  due  not  to 
the  reaction  of  the  auditory  nerve,  but  to  the  contraction  of  the  small 
wuda  »f  the  middle  ear.  In  his  experiments  he  electrized  the  Eusta- 
dian  tube,  through  the  catheter,  and  also  the  middle  ear,  by  means  of 
wall  delicate,  and  finely  graduated  sounds  insulated  to  their  points. 
He  tKrlieves  that  by  this  method  he  causes  contraction  of  the  tensor 
tf»fan\  and  of  the  stapedius,  through  irritation  of  the  fifth  and  seventh 
ntrres.* 

Wreden  asserts  that  during  electrization  by  these  methods  the  mem- 
haa  tympani  is  retracted,  and  believes  that  this  retraction  is  caused 
ly  Ac  contraction  of  the  muscles.  This,  however,  has  been  denied  by 
Poortcn.  To  settle  this  question,  Lowenberg  devised  a  manometer^ 
•Inch  consists  in  a  bit  of  cork  or  rubber  fitted  into  the  external  meatus 
hermetically,  and  receiving  hermetically  a  capillary  glass  tube  whicji 
coBiains  a  drop  of  colored  liquid.  The  external  meatus  is  filled  with 
»«er,  which  is  connected  with  one  of  the  poles  of  a  faradic  machine, 
»hile  the  other  is  applied  to  the  skin  by  a  sponge  or  through  the  Eiista- 
dxiin  tube.  When  the  membrana  tympani  is  retracted  by  the  action 
i  Ae  current,  tlie  drop  of  colored  water  indicates  this  retraction  by 
llitog,  when  it  is  pushed  outward,  by  rising. 

Admitting  to  the  fiill  all  that  has  been  claimed  by  Wreden  and  Low- 

we  do  not  sec  that  it  proves  that  the  supposed  complex  reac- 

ihc  auditory  nerve  to  electricity  are  nothing  more  than  muscu- 

contraciions.     Admitting  that  in  some  cases  where  the  membrana 

li  is  gone,  tlie  reactions  are  not  obtained,  still  the  following  con- 

tjons  arc,  to  our  mind,  convincing  : 

Tlie  reactions  of  the  galvanic  current,  when  apt^lied  to  the  ear,  are 
■ntly  similar  to  some  of  the  sounds  of  tinnitus  annum.     Ihey  are 
ic3  so  much  alike  that  they  cannot  be  distinguished. 

[•  Ar^som^of  this  subject  is  presented  m  Dr.   Roosa's  work  on  Dueaset  of  thi 
r,  IT.  493-495- 
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2    The  differential  polar  effects  of  the  galvanic  current  on  the 
wnich  are  very  easy  of  demonstration,  cannot  be  explained  by 
^theory  of  muscular  contraction. 

3.  Some  of  the  reactions  are  produced  by  the  steady  action  of  I 
ilvanic  current,  without  any  interruption,  and  with  a  strength  not  1 

^cient  to  produce  muscular  contraction ;  while  it  is  tnie  that  ce 
reactions  in  some  cases  require  strong  and  interrupted  currents,  il  is  I 
true  of  all  of  d>em. 

4.  A  reaction  of  the  auditory  nerve  similar  to  some  forms  of  tinnlli 
can  be  obtained  in  some  sensitive  cases,  not  only  by  galvanization  * 
the  ear,  but  of  the  other  parts  of  the  head,  and  even  the  trunk. 

We  have  had  a  patient  who  complained  every  time  we  galw 
the  spine  that  buzzing,  hissing  sounds  were  excited  in  his  ear. 
Ur  sounds  arc  produced  by  galvanization  of  the  ear.     The  effect  n 
this  case  was  probably  reflex. 

AH  these  considerations  convince  us  that  the  variety  of  sounds  pJO 
dMccd  by  galvanization  of  the  ear  is  due  to  the  excitation  of  the 
diti':y  nerve,  and  that  this  excitation  may  be  bodi  direct  and  reft 
Wc  arc  fully  aware,  however,  that  for  the  present  this  fact  has  agrc 
interest  for  the  electro-physiologist  than  for  the  electro-thcrapcutisL 
Ol/a:K'>rv  Nen>e. — We  have  observed  in  frequent  experimenung 
o&i-^v  the  negative  pole  of  a  strong  galvanic  current  applied  t 

the  N  an  membrane  caused,  in  certain  sensitive  localities,  an  c 

wax^ch  resembling  sulphuretted  hydrogen.  The  odor  observed  in  the  i 
borhocH.)  o>i  docks  will  perhaps  suggest  the  peculiar  character  of  this  I 
action  nv»ce  than  any  formal  description.  This  reaction  is  obtained  on 
«^n  a  |*o«»>erf»iI  current  is  used.  It  is  obtained  at  the  opening  of  I 
Mit»  irhilc  the  circuit  is  closed  and  for  some  little  time  after  the  cin 
l^*cfKNV  Wc  have  foimd  that  this  peculiar  reaction  varies  much  ' 
'  iirt>kl(\KKvAU  *nd  with  the  same  individual  at  different  times.  A  ) 
K^v-^   .V  or«  AU  wlc-rated  condition  of  the  mucous  membrane 

*ii*  it.     Although  we  are  frequently  treating  cases  of  rhini^ 
LhVmil>)by  internal  galvanization  with  metallic  electrotles,  yet< 
t^V*^  vj'^Mk  of  this  peculiar  odor.     The  niucous  merabr 
vcs  is  ver)'  sensitive,  and  in  ordinary  thcrapeutid 
!!f  currents  will  be  borne,  whereas  this  rcaciioil| 
iiiands  powerful  and  painful  currents. 
xNKtion  of  the  positive  and  the  negative  pole  of  1 
v<M,Kng  currents  that  were  long  ago  claimed  by 
•*  %XJie  to  confirm.     7  he  phcnonjenon  of  snecziTig^J 
•4--4Jn»<ft%^  «f  which  Ritter  spoke,  is  due,  not  to  any 
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m  of  the  olfactory  nerve,  but  to  the  mechanical  irritation  of  the  sen 
ly  nerves  by  the  electrode.  Snee/ing,  as  all  aiirlsts  know,  is  called 
irih  by  a  single  introduction  of  the  Eustachian  catheter,  and  Ave  observe 
continually  in  introducing  the  nasal  electrode.  It  is  observed  most, 
iwever,  just  as  the  electrode  is  being  inserted  ;  and  when  the  current  is 
nniiig,  the  symptom  does  not  usually  annoy  us.  The  action  of  a  gentle 
rrent  on  the  sensory  nerves  of  the  nasal  passages  seems  rather  to  have 
^iative  effect,  and  in  a  measure  counteracts  the  tendency  to  sneeze 
Bit  is  excited  by  the  mechanical  irritation  of  the  electrode. 
Schonbein  suggests  that  the  peculiar  smell  experienced  from  the  pas- 
ge  of  the  electric  current  through  the  olfactory  nerve  is  caused  by 
»nc  that  is  gcncrated. 

This  peculiar  odor,  observed  in  powerful  galvanization  of  the  nasal 
kssage,  is  unquestionably  due  to  the  reaction  of  the  nerve  to  the  elec- 
1  stimulus,  and  corresponds  to  the  effects  produced  by  the  same 
[ent  on  the  nerves  of  seeing,  hearing,  and  tasting. 

Franklinic  electricity,  electro-magnetism,  magneto-electricity,  are 
liable,  in  any  strength  that  can  be  endured  by  a  person  in  health,  to 
idtc  the  peculiar  reaction  of  the  olfactory  nerve. 

Ai'/ton  of  Electricity  on  the  Gustatory  Nerve — Action  of  the  Galvanic 

trrent. — In  1754,  long  before   the   discovery  of  galvanism,  it  was 
by  M.  Sulzer  that  lead  and  silver,  when  connected  and   then 
;ht  in  contact  with  the  tongue,  gave  rise  to  a  peculiar  taste  similar 

Xhat  produced  by  vitriol  of  iron.  If  we  apply  a  piece  of  zinc  to  the 
',  and  one  of  silver  to  the  lower  part  of  the  tongue,  a  powerful  acid 
will  be  experienced  under  the  zinc  pbte,  and  a  slight  alkaline 

l:e  under  the  silver  plate.     These  sensations  are   perceived  as  long 

the  circuit  is  closed ;  but  if  the  plate  or  the  tongue  be  warmer  or 

dcr  than  natural,  or  very  much  benumbed  by  acids  or  other  irritating 
stances,  very  little,  if  any,  sensation  is  produced.  If  the  tension  ol 
current  be  much  increased,  by  using  several  pairs,  the  tongue  be- 
K^es  convulsed  and  a  flash  of  light  is  perceived.     When  neither  of  the 

<:lro<les  touches  the  tongue,  a  metallic  instead  of  an  acid  or  alkaline 

<e  js  produced. 
*^1ie  peculiar  reaction  of  the  gustatory  nerve  to  the  current  is  gen- 
tly descnbcd  by  those  on  whom  we  have  experimented  as  "  cop- 
*^,"  or  ''sour,"  or  "metallic,"  or  "bitter."     Sour  or  coppery  are,  we 
lieve,  the  designations  most  frequently  employed  by  those  persons 

o  experience  the  sensation  for  the  first  time,  and  who  have  no 
t&OTies  in  the  matter  to  prove  or  disprove,  and  who  therefore  are 
^x^y  to  give  their  real  impressions.     If  we  ask  them  whether  they  have 
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a  taste  in  the  mouth  while  the  current  is  passing,  they  usually  reply  i 
the  taste  is  sour  or  •'  coppery/'  and  soraetiiues  they  may  call  it  "  bitter.' 
If  we  ask  them  whether  the  taste  Is  "  metallic,"  they  usually  reply  in  : 
afiinnative.     Our  observations  on  this  subject  have  been  very  nu 
ous,  and  they  have  been  niade  with  both  currents.     It  is  not  neccs 
to  send  the  galvanic  current  through  the  tongue  or  through  the  chon 
tympani  nerve,  or  through  the  face  even  ;  for  galvanization  of  the  nedt  j 
in  the  anterior  and  posterior  regions,  and  of  the  head   in   ahnost  any 
direction,  and  of  the  spine — the  lower  as  well  as  the  upper  region — wK/ 
be  felt  in  the  gustator)'  nerve. 

This  metallic  taste  is  felt  almost  as  soon  as  the  galvanic  current  a 
cilosed,  grows  stronger  while  the  current  runs  up  to  a  certain  point,  and  if 
sometimes  felt  for  several  minutes  after  the   electrodes  are  removed 

kXn  some  temperaments  on  which  we  have  experimented,  the  metallic 
Caste  remains  on  the  tongue  for  several  hours,  and  even  all  day,  lad 
Xonger, 

In  susceptible  temperaments  the  faradic  current  produces  in  i\t* 
<5egree  this  metallic  taste,  and  that,  too,  not  only  when  applied  to  tl» 
•tongue,  but  also  the  head,  neck,  and  spine.  In  the  operations  of  c«fl- 
-fcral  galvanization  this  reaction  of  the  gustatory  nerve  becomes  of  con* 
^derable  value  in  showing  us  that  the  current  is  passing  as  we  wish  il» 
^i.nd  that  the  patient  is  receiving  all  that  is  well  for  him.  The  gustaioty 
^-eaction  tlnis  answers  the  ]^urpose  of  a  galvanometer,  showing  that  the 
^^urrent  is  passing,  and  to  a  certain  degree  regulating  the  dose. 

There  is  little  doubt  that  this  metallic  taste,  caused  by  electriiatioo» 

L$  due  to  a  peculiar  excitation  of  the  properties  of  the  gustatory  nerves 

-f^y  the  stimulus  of  the  current. 

The  theory  that  it  might  be  of  an  electrolytic  character,  and  therefgwj 
^^^plained  by  the  products  of  decomposition  at  the  i>oIes — acid  at 
sitive,  and  alkalies  at  the  negative— Rosenthal,  by  a  variety  of 
Qts,  has  shown  to  be  untenable. 
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i  can  be  mide  to  contract  under  electric 
e  ■afior  nenres,  and  {2)  by  acting  on  the  mu 
:  av  however,  this  interesting  and  important 

tbe  motor  ner\'es  and  the  muscles,  1 
an  the  muscles  supplied  by  them  < 
ks  are  electrized,  only  that  muscle  to  ^ 
i4l  or  that  part  of  the  muscle  between 
What  dvect  applications  to  the  muscle  1 
IHodncetl  by  putting  one  electrode^ 
contractioos  produced   by  directly 
tkeeackalioo  of  the  muscle,  and  aliO< 
The  most  powerful  muscular  cont 
b|r  ptwi^g  one  deccrode  on  the  muscle,  and  I 
hiBBt  ibe  MOlor  aerre  tiiat  supplies  it  is  most : 


Aiwa  4fl%titi»€  mmd  Negative  P9U  in  Producing 
mkf  s  litare  a.  ifiiKeretkce  in  the  degree  in  the 

o£  tlie  £uradic  current,  but  there  is  also  a 
\  irf'ihe  pofes  in  |iraducing  contractions.     When 
,  as  in  dK  aaionty  of  machines,  the  muscle 
mt^  afl  the  process  ^  lengthening  and  sh< 
:  of  die  cnrreot  to  and  fro,  and  consequi 
«£  tooac  co«umctioa  above  described     JC 
«i  3oaK  tafifiefent  point,  while  the  other 
pat «»  te  acted  on,  it  will  be  found  that  the 
M|f«  uitiactkwis  than  the  positive. 

^«Mde,  and  it  is  not  diliicult  to  demonstrate 
ractioo  of  the  negative  pole  in  producing  mO-^ 
mukf  iadepet>dent  of  the  direction  of  the  currcr^ 
^ftct.     We  have  already  seen  that  on  setistF 
-  oaoce  powerfully  felt  than  the  positive. 
j>i>mrt  ef  Current  sujficient  to  Produce  C^    ^^ 
^■•■■icular  contractions,  it  is  not  necrssai"^^^ 
■»Mwi  or  dosed.    A  moderate  variation  in  th  ^^ 
•^  as  is  obtained  by  adding  one  or  *WW'"'^^ 
i  independent  current  in  the  circuit,  ^>^^\m 
se  current  from  the  circuit — will  caus^^^ 
^  ^-vMtractions  produced  in  this  way  are^-" 
.  iinr  |»*wluccd  in  closing  and  o|>ening  ih^^^ 
:  lit  the  vigor  of  the  contraciion'i  \^^ 
,:<  dosing  or  opening  the  cucuiL 
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electrodes  on  the  skin,  the  current  of  the  primary  coil  (extra-anrenf^ 
exercises  a  retarding  influence  on  the  secondary  current,  and  then  th^  \ 
closing  contraction  is  rendered  niore  gradual  and  gentle  frora  nothing 
to  the  maxiniuni. 

When  the  current  of  the  secondary  coil  is  opened,  the  current  of  tli« 
primary  coil  (extra-current)  does  not  exist  (see  Electro-Physics,  p.  64)^ 
and  consequently  the  current  of  the  secondary  coil  is  not  retarded  and 
goes  rapidly  from  its  maximum  to  nothing. 

Differential  Aetion  of  Primary  and  Secondary  Coils. — Duchenne  I 
stated  with  a  measure  of  truth  that  the  current  of  tlie  primary  coil  (ti 
tra-current)  of  his  apparatus  has  a  more  powerful  effect  on  the  scosi' 
bility  and  contractility  of  the  organs  beneath  the  skin,  while  the  currenl 
of  the  secondary  coil  acts  more  powerfully  on  the  retina  and  on  the 
skin.     The  primary  coil  is  composed  of  thick,  short  wire. 

The  secondary  coil  is  composed  of  long  and  thin  wire  with  many 
windings. 

The  differential  action  of  the  primary  and  secondary  currents  on  th« 
skin,  muscles,  and  optic  nerve  is  due  to  these  two  causes  : 

1.  The  primary  current,  circulating  through  a  short  thick  wire,  haS  ] 
less  tension  than  the  secondary  current  that  circulates  through  a  long] 
thin  \^^re,  because  tension   is  dcveloi)ed  only  in  the  presence  of  resist- 
ance.      Since,  now,  the  skin  offers  greater  resistance  than  the  muscle*, 
the  secondary  current,  by  virtue  of  its  greater  tension,  is  able  to  peoe^j 
trate  it,  and  also  to  penetrate  the  brain  and  affect  the  optic  nenrc. ' 
But  the  primary  current,  having  less  tension,  passes  through  the  skin, 
circulating  in  it  but  slightly,  and  goes  to  the  muscles  beneath,  which  are 
good  conductors,  and  on  these  it  spends  its  force.     In  other  words,  a  j 
currenl  of  low  tension  selects  the  best  conductors,  avoiding  the  poor  j 
conductors   so   far  as   is  possible,  while  the  current  of  high  tenstoa  | 
traverses  also  poor  conductors. 

2.  The  primary  current  moves  in  one  direction,  and  has  a  mild  cleC^j 
trolytic  power,  while  the  secondary  current  moves  to  and  fro  so  rapidlf  ] 
that  it  cannot  perform  electrolysis. 

Action  of  the  Galvanic  Current. — The  interrupted  galvanic  current 
of  moderate  strength,  if  applied  to  a  motor  nerve,  causes  all  the   mut>  j 
cles  supplied  by  that  nerve  to  contract. 

If  the  current  be  intemi|>te(l  slowly,  the  contractions  wiirbe  chnie^  if 
rapidly  interrupted,  the  contractions  will  be  tonic.     The  violent  contrae-j 
tions  that  occtir  at  the  moment  of  closing  and  opening  the  circuit  otJ 
an  intense  current  may  be  avoided  if  we  begin  with  an   extremely  mild  1 
current  and  slowly  and  gradually  increase  its  tension.     B)  this  method  | 
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\  enabled  to  pass  tlirough  his  own  person,  without  experienc- 
I  the  dosing  or  opening  shock,  the  enormous  current  gener- 
bi  battery  of  two  hundred  elements. 

w-fonic  Contractions, — When  very  powerful  currents  are 
Intinuously  to  the  nerves,  tonic  contractions  are  produced  dur- 
lole  time  that  the  circuit  is  closed.  Contractions  thus  pro- 
re  called  by  K.emak  galvano  touii  contractions.  They  are 
yt^uo-tonic  contractions  to  distinguish  them  from  the  clonic 
ps  produced  by  the  faradic  current.  When  the  galvanic  cur* 
l^lied  continuously  to  the  surface  of  the  body,  by  means  of 
knges,  ihe  galvano-tonic  contractions  increase  in  vigor,  up  to 
Ipoint,  the  longer  the  electrodes  are  kept  in  position.  This 
Ion  is  explained  mainly  by  the  fact  that  the  skin  b(!Comes  more 
fwell  as  hypersemic  (p.  121)  by  the  effect  of  the  current,  and 
bjes  a  better  conductor  for  the  electricity.  With  tJie  faradic 
pis  increase  of  eflfect  is  not  so  observable.  The  current 
yo  produce  galvano-tonic  contractions  is  quite  powerful  and 
fl'he  strength  of  current  required  will  depend  on  the  position 
tvc  acted  on,  the  length  of  nerve  included  between  tlie  eke- 
pd  the  individual  experiuiented  on. 

contractions  in  Antagonistic  Muscles. — Remak  states  that  when 
feurrents  of  great  power  are  used,  certain  nervous  tonic  con- 
appear  in  antagonistic  muscles.  Thus,  for  example,  when 
p  nerve  is  subjected  to  the  continuous  action  of  a  powerful 

rrent,  contractions  appear  in  the  common  extension  of  the 
so  that  the  fingers  are  raised.     It  is  probable  tJiat  this  phe- 

due  to  refiex  action, 

the  Will  in  opposing  and  aiding  Contractions  produced  by 
f. — The  contractions  produced  by  electricity  can  be  materially 
Apposed  by  effort  of  the  will  of  the  person  operated  on.  If  a 
lose  muscles  are  being  electrized  concentrate  his  mind  on  the 
fit  is  subjected  to  the  influence  of  the  current,  and  sunuhane- 

the  closing  of  the  circuit,  wills  to  contract  the  muscle,  the 

will  be  more  vigorous  and  complete  than  when  the  elec- 
t  so  aided.     The  will  co-operates  with  the  electricity,  and  the 

reinforce  each  other,  and  thus  accomplisli  more  than  would 

for  either  alone.     This  can  be  very  conveniently  demon- 
ihe  communis  extensor  of  the  forearm.     In  electro-therapeu- 

operation  of  the  force  of  will   and  electricity  becomes  of 
tical  value.     It  has  long  been  known  that  paralytic  patients 

even  those  of  a  cerebral  chronic  incurable  character,  can  be 


IS8 


ELECTRO-PHYSIOLOGY. 


greatly  benefited  by  slightly  concentrating  the  mind  on  the  pak 
moved y  as  the  fingers  or  toes^  and  resolutely  willing  to  mm^e  thewti 

In  practice  it  has  been  found  that  such  treatment  is  of  posit 
permanent  service. 

The  cotnbination  of  the  force  of  will  with  electricity  is  vcJ 
more  efficacious  than  either  when  used  alone.  When  a  muscle  b 
so  diseased  that  the  will  is  powerless  to  remove  it,  the  cl< 
may  contract  it  with  ease.  Where  electricity  alone  causes  fa 
imperfect  contraction,  electricity,  co-operating  wiih  the  will,  ma 
the  contraction  vigorous  and  complete.  In  order  to  make  expe 
of  this  kind  fully  successful,  it  is  necessary  that  the  will  and  forcfl 
be  concentrated  simultaneously  with  the  closing  of  the  circui 
yet  experience  shows  that  the  effect  of  the  electrization,  if  i 
long  continued,  is  to  give  tone  of  the  muscle,  so  that  it  respon< 
readily  to  the  will  for  several  minutes,  or  even  hours,  after  be« 
jccted  to  the  electrization.  This  is  especially  observed  in  muse 
are  in  a  condition  of  paresis.  In  all  these  experiments  much  i 
on  the  organic  energy  and  grit  of  the  patient.  Co:..\ersely,  it  I 
that  by  an  effort  of  will  the  contraction  of  muscles  induced  by 
city  can  be  within  a  certain  limit,  successfully  opposed.  The 
menl  can  be  made  on  the  communis  extensor  of  the  forearm 
difficulty.  A  feeble  current  will  cause  this  muscle  to  contract ! 
bring  up  the  hand  and  fingers  ;  by  an  effort  of  the  will  this 
resisted  so  that  the  hand  remains  on  a  level,  or  nearly  so.  Wh 
strong  currents  are  used  the  will  is  completely  overborne,  and 
effect  whatever. 

Extent  of  Shortening  of  Muscle  during  a  Contraction. — In  the 
of  contraction  muscles  shorten  in  proportion  to  their  length 
greatest  possible  shortening  is  obtained  during  tetanic  or  con 
contraction,  and  not  during  a  momentary  contraction.  The  mi 
of  shortening  is  reached,  not  suddenly,  but  gradually,  and  it  di 
long  remain  at  the  maxintum  even  when  the  electrization  is  coi 
but  begins  to  lengthen  at  first  rapidly  and  then  more  slowly. 

The  greatest  amount  of  shortening  possible  to  a  muscle  is  ihr\ 
ters  or  two  thirds  of  its  length. 

In  contraction  the  muscle  becomes  a  little  smaller  in  bulk 
cause  of  this  is  not  fully  understood.* 

Immediate  Strengthening  or  Restorative  Effect  of  Electrittk 

•  Eltctro- Physiology  and  EUetro-Therapeuiia.     By  C  E.  MorgM^  j 
York,  1868.  p.  573. 
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chs. — One  very  interesting  effect  of  eleclri/ation  on 
uscles  is  to  increase  their  power  of  doing  work.  This  effect, 
led  by  Heidenhain  and  Rcraak  restorative^  can  be  demon- 
irious  ways.  The  capacity  of  walking,  in  cases  of  paralysis 
limbs,  is  sometimes  increased  at  once  after  electrization  ; 
steps  across  the  tioor  easier  and  more  firmly  and  rapidly, 

k further;  or  he  can  raise  his  leg  higher  and  with  less 
ine  case  of  paralysis  of  the  tibialis  anlicus  muscle  there 
M>nse  to  the  mil  until  a  current  of  medium  strength  had 
I,  when  it  contracted  without  much  difficulty.  Dr.  Poore  * 
lacing  a  weight  of  1 7  oz.  in  the  hand  of  a  man  holding  his 
ight  angles  with  his  body,  that  in  four  minutes  the  pain  was 
ihe  could  not  go  on  ;  applying  now  a  mild  current  through 

tt  arm,  the  strength  returned.     Another  man  could  hold 
\  minutes  when  the  current  was  applied,  but  only  6 
lout  the  current 

mometer  is  a  good  means  of  studying  this  subject.  In  one 
ore  found  that  eight  successive  squeezes  of  the  dynauiome- 
plriratjon  gave  477  lbs.  ;  without  electrization,  388  lbs.;  a 
[89  lbs.  In  another  experiment  made,  when  the  hand  was 
^  previous  experimenting,  the  difference  was  even  more 
Dg  a  gain  of  153  in  six  squeezes  of  the  dynamometer. 
Fatigue  of  Muscles  on  the  Contractility. — When  a  striped 
>mes  very  much  weakened  or  fatigued  it  behaves  under  elcc- 
ch  like  the  smooth  muscle.  Dr.  Beard  has  demonstrated  this 
ng  rabbits  and  dogs.  Beginning  the  electrization  just  as 
open,  the  striped  muscles  react  vigorously  and  normally  to 
;  but  as  the  animal  dies  the  character  of  the  contraction 
coming  slower  and  more  deliberate.  If,  now,  the  current 
atcrrupted,  no  contraction  occurs,  for  there  is  not  lime  for 
to  respond.  If,  now,  weak  currents  arc  used,  the  muscle 
ly  much  after  the  manner  of  unstriped  muscle — that  is,  with 
ing  rather  than  a  rapid  and  vigorous  action. 
Muscular  Tension  and  Relaxation  on  Muscular  Contrac- 
Vm.  R.  Fisher,  of  New  York,  has  called  attention  to  the 
iUSdes  contract  more  easily  when  somewhat  relaxed  than 
•nsc  condition.  This  experiment  can  be  tried  very  easily  on 
I  extensor  of  the  forearm  or  on  the  peronei  muscles  of  the 
icl  is  of  practical  importance  in  the  treatment  of  paralysis. 


The  Practitictttr,  Jaa.,  1873. 
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Ziemssen,*   on   experimenting    with    iinpolarizable    electrode 
grarlually  increasing  the  strength  by  the  acid  of  the  rhjostat,  obta 
the  following  results : 

1.  With  the  weakest  current  that  caused  muscular  contraction 
was  opening  contraction  at  the  cathode. 

2.  With  a  current  a  little  stronger  there  was  strong  closing  eon 
tion  at  the  negative  pole,  and  weak  opening  contraction  at  the  pcsififfeX 

3.  With  still  stronger  current  there  was  also  weak  contraction  ^  i 
opening  of  the  positive  pole. 

4.  With  still  stronger  currents  there  was  a  tonic  contraction  aithe  nt^ 
five  pole,  continuing  for  some  time  after  the  contraction  at  the  cIosu| 

5.  With  a  much  stronger  current  the   Ionic  contraction  was 
vigorous;  the  other  contractions  are  also  increased  in  strength,  and  I 
appeared  a  contraction  at  the  opening  of  the  negative  pole. 

6.  With  the  strongest  current  that  can  be  borne,  all  the  other  conU 
tions  were  increased  in  strength,  and  there  appeared,  besides, 
tonic  contractions  at  the  positive  pole. 

The  above  results  can  be  verified  only  when  unj)olarijjable  elccti 
are  used,  for  with  ordinary  electrodes  the  pain  would  be  far  too 
to  be  endured.     The  opening  and  closing  of  the  current  must  be  in* 
in  the  metallic  part  of  the  connection,  in  order  to  give  it  the  greatci 
possible   suddenness.     Ziemssen  suggests  for  these  ex|>crimenis 
median  and  ulnar  nerves  at  a  point  a  little  above  the  wrist.     At  t 
point  the   epidermis  is  quite  thin  and  the  nerves  superficial.     Judgi^ 
from  our  observations,  it  is  impossible  to  reduce  this  subject  to  a  1 
mathematical  law.     The  words  '•  strong  "  and  "  weak,"  as  appHe<Jl| 
currents,  are  quite  indefinite,  and  the  irritability  of  nerves  varies  in  ( 
ferent  individuals  at  different  times.     It  is  for  these  reasons  thai  ob 
ers  differ  in  the  results  of  their  experiments. 

Electro-muscular   Contractility  and   Electro-muscular  Sensibility}^ 
The  susceptibility  of  the  muscle  to  contract  under  the  influence  of  i 
electric  current  is  called  electro  muscular  contractility.      The  sens 
that  accompanies  this  contraction  of  the   muscles  under  the  ele 
influence  is  cd\\c6  electro-muscular  sensil'ility.     Electro  muscular 
tractility  and  electro- muscular  sensibility  vary  in  different  indtvidu 
and  in  different  parts  of  the  body.     They  are  greatly  modified  by  < 
ease.     This  fact  is  of  great  importance  in  diagnosis  of  paralytic 
tions. 

In  using  the  terms  electromuscular  sensibility  and  electro-muscti 
contractility,  we  do  not  wish  to  convey  the  idea  that  they  represent 

•  Op.  ch.,  p.  80. 
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more  or  less  elevation  of  the  temperature  of  the  body.  This  u 
demonstrated  by  the  sensations  of  the  patient^*  and  by  the  thennoiiK 
eter. 

It  has  been  shown  by  Brown-S6quard  and  Lombard  that  excitatioa 
of  the  nerves  of  the  skin  causes  an  increase  of  temperature  in  the, 
limb.f 

The  development  of  heat  is  not  aided  by  increasing  the  strength, 
of  the  current  above  the  degree  necessary  to  produce  a  full  contrac> 
lion.  It  has  been  demonstrated  that,  in  patients  afflicted  with  trau- 
matic tetanus,  there  is  a  great  increase  of  temperature  that  remaios 
for  some  time  after  death. 

Investigations  on  the  effect  of  muscular  contraction  on  temperatnie 
should  be  made  by  delicate  surface  thermometers.  Some  of  the  super* 
ficial  muscles  of  the  forearm  offer  a  good  surface  for  this  expcrinieut 
The  thermometer  must  be  kept  firmly  and  imiformly  pressed  on  the 
skin,  and  the  modifying  effect  of  currents  of  cold  air  should  be  guarded 
against.  The  thermometer  should  be  kept  in  situ  about  fifteen  minutel 
before  beginning  electrization,  so  as  to  get  accurately  the  normal  tem- 
perature. Then  the  nerve  that  supplies  the  muscle  or  muscles  to  be 
tested  should  be  faradized. 

The  following  investigation  is  from  Ziemssen.J  The  patient  wasi 
strong  man,  who  was  suffering  from  complete  paralysis  of  the  extensor 
muscles  of  the  hand  and  ftnger  from  nerve  injury.  This  fact  accouDU 
for  the  low  temperature  before  faradization. 

Temperature  on  the  forearm,  between  the  extensor  digit  coniia. 
and  exten.  cari?.  radi.  brev. : 

The  skin  uncovered 34.7*'  Co>^ 

After  4  minutes'  faradization  through  the  radial  nerve  : 

At  opening  of  current 34.S 

X  minute  after  opening  the  current 35.3 

5  minutes  "  "      35.7 

'o       "  "  "      3535 

"       "  "  "      353 

In  the  13th  minute  faradization  was  renewed  for  1  minute: 

Temperature  at  opening  the  current 34.7 

I  minute  after  opening  the  current 35.1 

4  minutes  "  *•      , .  35.45 

•  EledrUitm  in  dtr  Medtcin,,  1866,  p.  29. 

f  Arthivts  de  Pkyshtfgie^  NoTcmber  and  December,  1S68.       %  Op.  dt.,  p.  \ 
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I  the  6th  minute  faradization  was  renewed  for  i  minute : 

Temperature  at  opening  the  current 35.1 

I  minute  after  opening  the  current 35.3 

5  minutes  '♦  "      35.6 

he  general  results  of  all  the  investigations  that  have  been  made  m 

department  by  Becquerel,  Breschet,  Helmholtz,  Ziemssen,  Althaus, 

ourselves  are  these  : 

Kben  muscles  are  made  to  contract  under  faradization  of  the  mus. 
t  supply  them  their  temperature  rises. 
U  This  elevation  of  temperature  is  not  necessarily  accompanied  by 

trase  in  size  of  the  vessels,  although  faradization  usually  increases 
and  appearance  of  the  vessels  more  or  less. 
|.  The  more  \igorous  the  contraction  and  the  longer  it  is  continued, 
higher  the  temperature  rises. 

^  if  the  faradization  be  continued  long  enough  the  temperature  will 
so  much  increased  that  it  can  be  detected  without  difficulty  by  the 
id,  and  by  the  sensations  of  the  person  operated  on. 
{.  When  all  the  superficial  muscles  of  the  body  are  faradized,  as  in  the 
Ihod  of  general  faradization,  the  teuijierature  not  only  of  individual 
scles,  here  and  there,  but  also  of  the  whole  body,  rises.  This  fact  we 
'C  repeated  and  demonstrated  by  observations  made  on  many  varie- 
i of  temperament. 

\  more  accurate  method  of  investigating  this  subject  is  by  means 
the  thermo-electric  pile  (see  Electro-Physics,  p. 75).  This  instru- 
M  is  capable  of  measuring  a  small  variation  in  temperature,  and 

E"  ates  the  variations  much  more  quickly  than  the  thermora 
e  thermo-electric  pile  is  connected  with  a  reflecting  galva 
,see  Electro-Physics,  p.  47).     Ziemssen  gives  the  following  ob 
ration  made  on  the  extensors  of  the  forearm : 

^BiB  or  FAaADiZATiON.  Deflection  of  the  Nekolb 

^^bfinu/ej.  Seconds,  OF  THE  GalvanomRTSR. 

W    o  IS  -  i.s 

o  30  +  2.3 

^    o  45  +  50 

■  I  —  -  7.2 

■  %  —  +190 

■  3  —  +3ai 

4  —  +40  a 

t  will  be  observed  that  with  the  increase  in  the  time  of  the  faradiza- 
\  there  is  greater  and  greater  deflection  of  the  needle,  just  as  there 
rise  of  the  mercury  in  the  ordinary  thermometer. 
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Source  of  Heat  in  Muscular  Contraction. — According  to  Henna 
who  has  specially  studied  the  chemistry  of  the  development  of  1 
'  during  rausculao-  contraction,  muscular  work  is  the  result  of  the  de* 
*  position  of  nitrogenous  substances.     Among  the  products  of  this 
composition  are  d.  fixed  acid^  carbonic  acid,  and  myosine.     Of  these  1 
j^carbonic  acid  leaves  the  body,  while  the  fixed  acid  and  the  myosine  j 
nain  and  are  worked  over  again  in  the  organism.     The  muscles  grou 
the  same  time  that  they  work  and  develop  heat,  and  urea  and  cread 
are  found  in  the  residuum.     The  muscle  is  restored  by  the  actioti  j 
oxygen,  an  albuminoid,  and  a  non-nitrogenous  substance  in  the  bio 

All  these  complex  chemical  changes  that  are  excited  during  aiUH 
\d,x  zow\xzji\\ow  give  rise  to  heat.     If  the  muscle  is  prevented,  byi 
chanical  means,  from  contracting,  the  heat  develops  in  it  more 
than  when  it  is  free.     This  follows  frorn  the  recognized  law  of  the 
relation  and  conservation  of  forces.     The  force  that  does  not  appear  I 
work  appears  as  heat. 

Duration    of   Eiectro-muscular     Contractility    after     Death. — T 
^muscles  retain  their  contractility  under  electricity  several  hours 
death.     The  length  of  time  that  the  electro-muscular  contractility  | 
preserved  varies  with  different   muscles,  with   different   animals, 
probably,  also,  with  the  mode  of  death.     In  order  to  determine  i 
question,  Dr.  Beard  has  made  experiments  on  dogs  and  rabbits. 
OnimnSjt  of  Paris,  has  experimented  on  the  body  of  a  murderer  wh 
had  been  guillotined.     He  found  that  the  muscles  of  the  tongue  and  ( 
Lphragm  were  the  first  to  lose  their  electro-muscular  contractihty.    Nci 
^Can»e  the  muscles  of  the  face,  among  which  the  masscter  retains  ils« 
citability  the  longest.    Two  and  a  half  hours  after  death  the  cle 
muscular  contractility  was  lost  in  all  these  muscles. 

In  the  limbs  the  extensor  muscles  first  lose  their  electro-mu 
contractility,  and  in  about  an  hour  the  flexors  foHowcd.     The  raua 
of  the  trunk  responded  ^zr  or  six  hours  after  death,  and  the  abdotnioi 
muscles  longer  still. 

Onimns  observed  on  the  criminal  what  Dr.  Beard  has  observed  on  ( 
and  rabbits,  that  when  the  muscle  is  dying  it  contracts  most  noticcal 
at  the  point  where  the  electrodes  are  placed,  and  very  slowly  at  a  < 
lance  from  the  electrodes  ;  and  that  the  muscles  resjwnd  to  di« 
electri/.aiion  with  needles  after  they  have  ceased  to  respond  to  the  * 
rent  when  applied  through  the  sKin. 


•  MorgAn,  op.  cit.,  p.  582  et  acq. 

\  Lt  ilouvement  Midieate^  Feb.,  tSjJ. 
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rJously,  in  January  and  February,   1802,  Aldini,  a  nephew  of 
ajii,  obtained  permission  from  the  government  to  experiment  or 

Kninals  who  were  executed  at  Boulogne.  Immediately  after 
c  bodies  were  submitted  to  powerful  galvanic  excitation.  The 
les  of  the  face  contracted  vigorously  in  such  grimaces  as  to  frighten 
Lssistants,  The  limbs  were  violently  convulsed,  and  the  bodies 
t  ms  though  they  would  rise  again  to  life. 

sgow,  Ure  made  similar  experiments  on  the  body  of  a  crimi- 
t  had  been  on  the  gallows  one  hour.  The  applications  were  made 
e  spinal  marrow,  the  phrenic  nerves,  and  the  intercostal  muscles. 
Tding  to  the  position  of  the  electrodes  the  body  was  bent  forcibly 
9  the  chest  rose  and  fell  as  in  the  act  of  breathing,  and  the  various 
ions  of  rage,  terror,  despair,  were  depicted  on  the  countenance. 
of  the  spectators  fainted,  and  several  were  obliged  to  leave  the 


i-O'Physiological  Anatomy. — Electro-physiological  anatomy  treats 
fhysiological  action  of  muscles  under  the  influence  of  the  electric 
\  apf'lied  in  such  a  way  as  to  produce  contractions. 
bontraction  observed  in  an  individual  muscle,  when  submitted  to 
ffttence  of  the  electric  current,  closely  resembles  the  contraction 
e  same  muscle  when  under  the  influence  of  the  will, 
.ichenne  was  the  first  to  investigate  this  subject  systematically,  and 
^searches  have  done  much  to  modify  the  accepted  views  concerning 
Unctions  of  certain  muscles.  Those  who  desire  a  more  complete 
Of  his  views  than  is  given  in  the  following  brief  resume,  we  refer  to 
Ti  tings.* 

uscles  of  the  Face — Electro-physiognomy, — This  name  has  been 
ied  to  the  study  of  character  and  expression,  through  locali/;cd 
Ration  of  the  muscles  of  the  face.  By  means  of  small  electrodes 
Bpent  can  be  localized  so  as  to  produce  contractions  even  in  the 
Best  muscles.  For  these  experiments  a  recently  dead  subject  has 
advantage  over  the  living  man,  that  in  the  case  of  the  latter  con- 
Hons  produced  by  the  current  would  be  complicated  and  interfered 
I  by  involuntary  movements. 
GCOrding  to  Duchenne,  who  has  chiefly  investigated  this  subject,  the 


^^lectrintion 


Localise  et  de  son  Application  i  la  Pathologic  et  k  la  Thira- 
Ijae.  Paris,  1861.  Also,  Mechaninme  de  la  Physionomie  Humaine,  ou  Analyse 
ro-physiologique  de  1'  Expression  d«  Passions  applicable  \  la  Pratique  des  Arts 
iq«e&  Paris,  1S62.  This  work,  contains  photographic  representations  of  the 
»  appearances  of  the  face  unilcr  electrization  of  ihc  different  muscles.  These 
igraphf  are  frequently  referred  to  by  Darwin  in  his  work  on  Expression, 
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frontalis  muscle,  when  a  little  contracted,  expresses  pleasure  ; 
more  contracted,  astonishment  or  doubt;  when  strongly  con 
with  other  muscles,  terror. 

Contraction  of  the  pyramidalis  nasi  expresses  sadness  ;  of  the 
rugaior  superciUi^  contemplation;  of  the  orbicvlaris  palbebrarum^ 
tempt.  Contraction  of  these  two,  united  with  the  pyramid  ' 
gives  a  hateful,  malicious  expression.  Contraction  of  the  tria 
nasi  expresses  lust ;  of  the  zygomaticus  major,  various  degrees  of  njirth; 
of  tlie  zygomaticus  minor^  melancholy ;  of  the  plaiysma  myoides,  hy|K>» 
critical  laughter;  o{  iht  plaJysnta  myoides^  pain.  Contraction  oftte 
platysma  myoides  3.x\^  frontalis  gives  an  expression  of  terror.  Contrac- 
tion of  the  platysma  myoides  and  pyramidalis  expresses  rage.  United 
contraction  of  the  zygomaticus  major  and  frontalis  produces  an  efr 
pression  of  agreeable  surprise.  Contraction  of  the  buccinator  indii 
age,  by  making  furrows  in  the  cheek. 

Contraction  of  the  ItvtUcr  alae  and  labii  superioris  causes  an 
pleasant  expression,  such  as  a  child  exhibits  when  about  to  cry  ;  r  ' 
tion  of  the  triangularis  oris  gives  an  expression  of  sadness  or  u 

Contraction  of  the  external  fibres  of  the  orbicularis  oris  gives  «fl« 
lips  a  position  of  whistling  or  kissing;  contraction  of  the  internal  iibrcS 
of  the  s.irae  muscle  compresses  the  lips  against  the  teeth. 

Muscks  of  the  Upper  Extremity ,-^'\\\^  contractions  resulting  fro* 
electrization  of  the  extensors  of  the  fingers  give  to  the  hand  a  pcculitf 
appearance. 

The  first  phalanges  not  only  become  extended,  but  are  spread  ap»rt» 
while  the  last  two  phalanges  become  (lexed. 

The  metacaqius  forms  an  angle  with  the  forearm,  and  in  this  confr 
tion  the  hand  resemble?,  to  a  certain  extent,  a  bird's  claw. 

Electrization  of  the  extensor  digiti  minimi  proprius  separates  the  to» 
tie  finger  from  its  neighbor,  while  contraction  of  the  extensor  indidi 
proprius  brings  the  index  and  middle  finger  together.  By  the  method 
of  localized  electrization  the  adductors  and  abductors  of  the  t'lngcfft, 
and  the  intcrossei  and  Uunbricales,  are  found  to  act  not  only  in  draw- 
ing  these  members  together  and  separating  them,  but  also  in  extendin(( 
Ibe  second  phalanx  of  the  thumb  and  the  second  and  third  of  the  other 
fingers. 

The   flexor  poUicis  brevis   is   concerned  in   extending   the 
phalanx  of  the  thumb,  as  well  as  in  flexing  the  first. 

So  long  as  the  arm  is  in  its  natural  position,  the  supinator  iongus 
tto  function  to  perform  \  it  is  only  when  the  forearm  is  prone  tbali 
peculiar  action  is  manifest. 


alysis  of  any  one  of  the  above  muscles,  it  is  readily  seen  tlial 
rvation  made  concerning  their  function  is  correct, 
example  :  if  the  adductor  longus  and  extensor  brevis  poUicis  be- 
paralyzed,  the  metacarpal  bone  of  the  thumb  is  adducted.  If  the 
lor  longus  poUicis  is  paralyzed,  the  thumb  is  inclined  towards  the 
Irpus,  although  its  movements  are  not  markedly  impaired  if  the 
Dr  brevis  and  adductor  longus  are  strong. 

ttrtzation  of  the  deltoid  not  only  raises  the  upper  arm,  but  also 
Perceptibly  changes  the  position  of  the  scapula.  The  external 
of  the  shoulder  blade  becomes  depressed,  the  internal  angle  is 
ed,  while  the  distance  between  its  posterior  spinal  border  and  the 
'slightly  increased.  In  paralysis  of  the  deltoid  the  arm  hangs  by 
■e  almost  completely  helpless.  The  muscle  is  composed  of  three 
t  groups  of  fibres,  and  the  degree  of  paralysis  depends  upon  the 
jr  of  groups  or  special  group  involved. 

I  pectoralis  major  and  iatissimus  dorsi  muscles,  although  situated 
t  most  part  on  the  trunk  of  the  body,  are  especially  useful  in 
Hg  in  the  movements  of  the  arm. 

^Us  of  the  Trunk. — When  all  of  the  fibres  of  the  trapezius  arc 
tted  to  electric  excitation,  the  shoulder-blade  becomes  elevated, 
Interior  border  approaches  the  median  line,  the  shoulders  are 
backward,  and  the  head  is  thrown  slightly  forward  and  toward 
x>site  side.  Like  the  deltoid,  the  trapezius  is  made  up  of  diree 
fibres, 

tn  the  superior  set  is  electrized  the  head  turns  toward  the  side 
id,  and  the  face  looks  toward  the  opposite  side. 
middle  set  of  fibres  elevates  the  shoulder-blade,  while  by  the 
of  the  lower  set  its  inner  angle  is  depressed,  and  its  posterior 
is  drawTi  toward  the  median  line.     In  complete  paralysis  of  the 
ius  the  following  symptoms  are  manifest :    The  back  is  rendered 
,  on  account  of  the  scapula  removing  slightly  from  the  spinous 
es ;    the  shoulder  becomes  depressed,  and,  on  account  of  the 
r  of  steady  suppK>rt  for  the  ann,  its  movements  are  rendered  difii- 
Electrization  of  the  rhomboideus  major  and  minor  muscles  ele- 
hc  scapula  and  slightly  turns  it  on  its  outer  angle. 
ic  current  be  sufficiently  intense,  the  lower  angle  of  the  scapula 
iches  nearer  to  the  spinous  processes  than  the  inner. 

rhomboideus  muscles  are  paralyzed,  the  scapula  removes  itself 
bat  from  the  waJb  of  the  thorax,  the  skin  between  the  shoulder- 
md  the  spine  appears  in  folds,  and  the  lower  angle  of  the  bone  is 
forward  and  outward,  on  account  of  the  action  of  the  serratud 
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amicus  major.  By  excitation  of  the  serratus  anticus  major  the  : 
is  drawn  forward  and  outward,  so  thai  tlie  space  between  its  posterioc 
border  and  the  spine  is  doubled.  The  i)Ostcrior  border  is  pressctJ 
against  the  ribs,  while  the  anterior  border  is  markedly  removed  from 
them, 

When  the  muscle  is  paralyzed  the  shoulder-blade  sinks  but  hitle,  «o 
long  as  the  arm  hangs  motionless  by  the  side ;  but  as  soon  a*  it  A^ 
moved  from  the  body  the  posterior  border  and  under  angle  of 
scapula  are  lifted  from  the  thorax,  while  the  anterior  approaches  it  i 
closely.     In  complete  paralysis  of  the  serratus  anticus  the  raoven 
of  the  arm  are  much  impaired. 

A  single  external  intercostal  muscle  may  be  electrized  by  ] 
small  electrode  against  the  lower  border  of  one  of  the  upper  ribs,  i 
the  origin  of  the  serratus  niagnus  muscle. 

The  individual  abdominal  muscles  are  readily  influenced  bv  electric 
excitation. 

Electrization  of  the  rectus  muscle  so  stretches  and  draws  it  in^inl 
tliat  the  abdominal  wall  becomes  flat.  Irritation  of  the  external  oblique 
expands  the  abdomen  laterally. 

If  we  electrize  the  transverse  abdominal,  powerful  transverse  cott- 
tractions  of  the  abdomen  follow.  When  both  phrenic  nerves  are  sub* 
mitted  to  electric  excitation,  powerful  and  frequent  contractions  of  d» 
diaphragm  are  produced.  An  increased  amount  of  air  rushes  into  the 
lungs,  on  account  of  the  capacity  of  the  thorax  enlarging  through  the 
descent  of  the  diaphragm^  and  the  moving  outward  of  the  false  n\A 
Atrophy  of  the  diaphragm  causes,  during  ins[)iration,  a  depression  ol| 
the  epigastrium  and  abdominal  walls,  while  the  thorax  expands 
usual. 

Musdes  of  the  Lower  Extremities. — Electric  excitation  reveals  the! 
fact  that  flexion  and  extension  of  the  foot  cannot  be  produced  by  the] 
flexor  or  extensor  muscles  alone,  since  these  muscles  tend  to  abdu 
and  adduct  as  well  as   flex  and  extend.     The  flexors  and  extens 
cause  direct  flexion  and  extension  only  when  they  act  in  conjuQCtioiL| 
with  certain  other  muscles. 

Tlie  movements  of  the  foot  arc  controlled  by  four  sets  of 
These  arc  : 

The  tibialis  anticus,  which  at  the  same  time  flexes  and  adducts  th 
foot — the  flexor  adductor  muscle,  the  extensor  digitorum  conimun 
longus  and  extensor  hallucis,  which  flex  and  abduct  the  foot — tj 
flexor  abductor. 

The  gastrocnemius  solius  and   tibialis  posticus,  which  eztend 
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Contractions  are  produced  in  a  voluntary  mtisclc  the  instant 
poles  of  a  galvanic  battery,  or  of  an  electromagnetic  machine  in 
ation,  are  applied  to  it.  The  contraction  of  the  muscle  coni 
during  the  passage  of  the  faradic  current,  but  when  the  galvanic  * 
is  used  quickly  relaxes  after  the  first  shock.  When,  however,  thi. 
tines,  the  stomach,  the  oesophagus,  and  other  parts  which  are  coniposol 
oi  involuntary  muscular  fibre,  are  subjected  to  the  electric  current,  mov^ 
ments  are  not  induced  in  them  until  a  certain  time  after  the  tissue  has  Ni» 
acted  upon.  The  movements  thus  excited  eontinue  for  a  time  after  ike  ctS' 
sation  of  the  current,  and  do  not,  as  in  the  case  of  voluntary  muscles,  ^ 
ance  return  to  their  normal  condition. 

Iris. — Faradization  of  the  iris,  with  a  \^ry  gentle  current  in  a  room 
that  is  moderately  darkened,  causes  it  to  be  constricted  or  dilated,  ac- 
cording to  the  position  of  the  electrodes. 

Stomach. — Faradization  or  galvanization  of  the  stomach  can- 
dual  shortening  of  the  transverse  and  longitudinal  fibres  in  lh<- 
tion  from  the  cardiac  to  the  pyloric  orifice.  Dr.  Rockwell,  in  die  V^^ 
ment  of  paralysis  of  the  oesophagus  associated  with  a  sort  of  atony  " 
the  stomach,  has  frequently  had  occasion  to  observe  the  readines*  i^''^ 
which  this  phenomenon  is  demonstrated  in  the  living  man  by  appl*^ 
tions  directly  to  the  mucous  surfaces  of  the  parts. 

Intestines.— It  finely  pointed  electrodes  or  needles,  connected  .itb^ 
with  a  faradic  or  galvanic  ajiparatus,  be  applied  to  the  intestine  ^ 
a  living  or  recently  killed  animal,  steady  and  firm  contraction  tak** 
place  at  the  points  where  the  electrodes  are  applied.  Under  * 
mild  current  the  contraction  is  slow,  steady,  and  gradual.  The  into 
tines  are  <lrawn  up  after  the  manner  of  a  woman's  work-bag.  Thii 
contraction,  though  most  marked  just  at  the  point  where  the  needles 
touch  the  intestines,  is  also  observed  a  little  distance  between 
the  outer  side  of  the  needles.  Under  strong  currents  this  con>: 
takes  place  very  rapidly,  and  goes  on  until  the  calibre  of  the  intestinci 
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Wy  closed.  When  the  electrodes  are  removed  this  constriction 
y  disappears.  These  phenomena  are  seen  both  in  the  large  and 
i  intestines  and  in  the  rectum.  The  duodenum  responds  most  read- 
^  rectum  and  colon  less  so.  These  phenomena  are  more  or  les£ 
■d  by  the  condition  of  the  animal,  whether  living  or  dead,  and 
wr  recently  or  long  killed.  This  fact  of  electro-physiology,  which 
9cen  frequently  demonstrated  on  animals,  is  very  suggestive  in  a 
point  of  view.  The  value  of  electricity  in  constipation  is,  in 
f  these  observations,  partially  explained. 

V. — When  the  spleen  of  certain  animals,  living  or  recently  killed, 
\  dog,  is  submitted  to  the  action  of  a  tolerably  strong  current, 
adic  or  galvanic,  a  visible  drawing  and  Qontraciion  ihrough- 
;  entire  extent  of  the  organ,  not  only  where  the  electrodes  are 
9,  but  between  them  and  beyond  them,  in  every  direction,  there  is 
fcst  shnnking  of  the  tissues,  with  change  of  color.  This  fact,  which 
■p  disputed  by  some  physiologists,  we  have  demonstrated  in  a  vari> 
ff  experiments.  The  phenomenon  is  not  so  noticeable  in  the 
tt  of  the  rabbit  as  in  that  of  a  dog,  and  in  order  that  it  may 
■ftpidly  and  be  easily  seen,  the  current  used  nmst  be  of  consider- 
ftengtb.  The  shortening  and  discoloration  of  the  spleen  under 
lation  appears  to  be  more  or  less  permanent.  This  physio- 
tt]  fact  suggests  tlie  query,  whether  the  enlarged  spleen  of  inter* 
'tkver  might  not  be  treated  by  electricity. 
l/^^^ — When  the  filled  or  emptied  bladder  of  a  living  or  recently 
animal  is  acted  on  by  either  current,  of  moderate  strength,  a 
Rawing  and  contraction  lake  place  in  various  directions.  The 
conies  firmer  and  harder,  the  cavity  diminishes,  and  if  it  con« 
[ine  a  portion  of  it  is  expelled.     This  electro-physiological  fact 

in  cases  of  paresis  and  i>aralysis  of  the  bladder. 
.f, — The  uterus  of  animals  and  of  the  human  being  contracts 
;  manner  of  the  intestines,  bladder,  and  other  involuntary  muscles. 
lever  pole  is  used,  or  in  whatever  direction  the  current  be  applied, 
Ition  takes  place  whenever  the  current  is  ai>plied,  whether  the 
>  or  is  not  in  a  gravid  condition.  Both  faradization  and  galvani- 
ave  this  slow  contracting  influence  on  the  uterus. 

chapter  on  Diseases  of  Women,  the  very  interesting  and  im- 
practical applications  of  this  physiological  fact  will  be  pointed 
IdctaiL     It  applies  especially  to  the  electrical  treatment  of  me- 
i  uterine  engorgements. 

rx. — The  ureters  are  constricted  and  shortened  by  electrization, 
the  case  of  the  uterus,  the  intestines,  and  the  spleen,  the  con- 
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tractions  take  place,  according  to  the  law  of  tlieir  physiological  actiotL 
from  the  kidneys  toward  the  bladder,  and  the  contractions  continue  and 
the  electrodes  are  removed. 

Fas  Dejerens^  Epididymus.,  and  Tunica  Vaginalis. — ^When  the  eleanf 
current  is  applied  to  the  vas  deferens,  the  epididymus,  or  the  saoflnn 
they  likewise  contract  after  the  manner  of  the  intestines,  uteras,  indll 
forth.  The  scrotum  contracts  rapidly,  almost  instantaneously,  und«f  • 
strong  current,  and  remains  contracted  for  some  time,  as  we  hut 
demonstrated  on  rabbits  and  dogs,  and  on  the  living  human  being. 

Gall-bladder. — When  a  current  of  considerable  strength  is  api'!:eUK> 
the  gall-bladder  by  pointed  electrodes,  constriction  takes  place  aJ  tk 
points  of  application,  and  the  whole  bladder  tends  to  contract,  ta4 
like  the  urinary  bladder,  to  discharge  its  contents.  It  is  not  imposs2fc 
that  a  powerful  current  sent  through  the  liver  of  the  livin^^ 
by  external  applications,  may  cause  contraction  of  the  galib.^. 
and  in  this  way  we  may  in  part  explain  the  value  of  electrical  treat 
ment  in  jaundice. 

(Esophagus. — in  rodents  the  oesophagus  consists  of  striped 
only  ;  in  birds  it  consists  of  unstriped  muscle,  and  in  man  of  a 
bination  of  both  striped  and  unstriped  muscle.     Both   sets  of 
longitudinal  and  circular,  contract  under  the  current,  not  only  at  tt 
points  where  the  electrodes  are  applied,  but  through  the  whole  leag* 
downward  toward  the  stoinach.     In  the  treatment  of  dysphagia  il* 
fact  may  well  be  considered, 

Iliart. — The  effect  of  electrization  of  the  pneuniogastric  and  ofte 
nerves  that  supply  the  heart  has  already  been  considered.     The  clFcrf 
of  direct  electrization  of  the  tissue  of  the  heart  itself  is  not  witbo^ 
interest.     Galvanization,  witli  currents  of  moderate  strength 
heart  of  an  animal  that  has  stopped  beating,  may  cause  a  retui 
rhythmical  action.     It  has  been  sometimes  observed  that  the  contofr 
lions  return  more  vigorously  in  the  right  than  in  the  left  side.     Accoi- 
ing  to  our  observation,  In  the  hearts  of  dogs  and  rabbits  much  depeiA 
on  the  strength  of  the  current  used.     If  a  strong  current  were  dircdJ 
through  pointed  electrodes   to  the  substance  of  a  heart  of  :•   '''■** 
animal,  the  pulsations  are  in  part  arrested,  but  they  recur  a-- 
this  current  is  broken.     These  conclusions  are  based  on  a  large  nui 
of  observations.     When  the  heart  has  fully  stopped  it  may  be  re 
by  a  weak  current,  and  again  arrested  by  a  strong  current. 

Bhwd-vessels. — The  stnall  arteries  that  contain  considerable  n    ' 
muscle  contract  under  the  current,  after  tlie  manner  of  the  intL 
that  is,  the  contraction  does  not  appear  instantaneously,  but  a 
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after  the  needles  are  applied  it   goes  on  slowly,  and  after  the 

»»jecdk's  are  removed  they  gradually  return  to  their  normal  condition.  In 
the  larger  arteries  this  contraction  is  not  so  marked. 
It  will  be  observed  that  electricity  acts  on  unstriped  muscular  fibre, 
in  this  respect  at  least,  very  much  like  ergot.  The  power  of  ergot  to 
constringe  the  blood-vessels  is  the  explanation  of  its  great  value  as  a 
remedy  in  sjnnal  and  cerebral  congestion.  The  efficacy  of  electri;cation 
in  the  same  affections,  as  well  as  in  sprains  and  various  local  inflamma- 
tions, may  be  in  part  ex]>Iained  by  the  same  theory.  This  subject  will 
t>e  discussed  in  the  chapters  devoted  to  the  Influence  of  Electricity  on 
Nutrition  and  Spinal  Congestion. 

The  above  conclusions  are  based  largely  on  our  own   experiments, 

*  although  many  of  the  observations  had  been  previously  made  by  various 
j>hysiologists. 
There  were,  however,  certain  queries  in  regard  to  the  differential 
station  of  the  poles,  and  of  the  two  currents,  and  of  weak  and  strong, 
On  involuntary  muscle,  that  had  not  been  answered.  These  queries 
jave  aimed  to  solve  by  a  large  number  of  experiments  on  animals. 
le  records  of  one  set  of  these  experiments,  noted  at  the  time  by  our 
friend  Dr.  John  Van  Bibber,  of  Baltimore,  are  herewith  presented.  It 
be  observed  that  the  chemical  and  other  effects  of  the  current, 
ides  the  contracting  influence,  are  noted. 
JExpcrimcnt  i. — The  abdominal  cavity  of  a  good-sized  rabbit  was 
^apenedf  and  a  medium  faradic  current,  with  needle  electrodes,  was 
applied  to  the  upper  part  of  the  small  intestines.  Contraction  produced 
%3iost  vigorous  at  the  jjositive.  A  vermicular  motion  was  also  observed  not 
anly  in  the  part  within  the  circuit,  but  extending  some  distance  beyond 
pole.  The  rabbit  was  fully  under  ether,  and  the  only  other  mus- 
cular movements  were  cardiac  and  respiratory.  The  color  of  intes- 
jcs  was  normal  and  healthy,  and  was  undisturbed  during  this  operation. 
\£xp€rimfnt  2. — A  galvanic  current,  sixteen  cells,  was  now  applied, 
needle  electrodes,  a  little  below  point  of  first  experiment.  There 
^was  an  immediate  change  in  the  circulation  of  the  part.  It  became 
^:3arker  and  venous  in  its  appearance,  presenting  the  appearance  of  a 
ioL  The  intestines,  before  so  flaccid  as  to  render  the  insertion  of  a 
eedle  difficult,  became  very  full  and  hard.  The  negative  pole  was 
in  the  tissues,  with  bubbles  of  hydrogen  generated  around  it,  and, 
the  other  hand,  the  positive  pole  became  very  firm  in  its  insertion, 
rith  evident  constriction  of  muscular  fibre  around  it. 
The  first  effect,  therefore,  seemed  to  be  congestion,  and  afterward, 
jlatioii. 
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Experiment  3. — On  stomach,  with  galvanic  current,  slxte< 
In  region  of  positive  pole  the  circular  fibres  arc  much  contrac 
the  same  disintegrating  effects  of  negative  pole  were  observed. 

BxperimeHt  4. — Faradic  current  on  large  intestine.  Contra 
muscular  fibres  was  observed,  and  thought  to  be  greater  at 
pole. 

Experiment  5. — Faradic  current  on  spleen.  The  snoooth  sv 
that  organ  was  soon  corrugated,  tending  to  show  that  the  tissi 
contracting  under  its  influence. 

Experiment  6. — Galvanic  current  on  spleen.  Generation  0 
gen  at  negative  pole,  also  congested  appearance,  and  after  r 
needle  very  dark  spot  at  negative  pole. 

Experiment  7. — Faradic  current  on  bladder.     The  bladder 
tially  filled  with  urine,  and  when  the  current  was  applied  ll 
great  and  immediate  contraction  of  muscular  fibres  and  expu 
urine. 

Experiment  8. — On  left  kidney,  faradic  current.  Muse 
tracted,  and  seemed  to  be  permanently  so,  at  least  during  obs< 

Right  kidney,  galvanic  current.  Same  effect  at  negative  p< 
congested  spot ;  but  daring  passage  of  current  the  bladder,  w 
been  much  contracted  by  faradic  current,  seemed  to  fill  up. 

Experiment  9. — On  liver.  No  action.  The  rabbit  seemed 
remarkable  vitality,  and  it  was  necessary  to  renew  ether  very  fr< 
It  was  determined  then  that  the  electricity  seemed  to  prolong  I 
after  it  had  been  so  taxed  by  anatomical  mtitiladon. 

The  conclusions  from  a  large  variety  of  experiments,  of  w 
above  is  a  fair  illustration,  are  these  : 

I.  Both  currents— faradic  and  galvanic — cause  an  unstripei 
to  contract  in  accordance  with  the  law  of  its  physiological  ac 
remains  contracted,  and  after  the  breaking  of  the  current  | 
returns  to  its  normal  condition. 

a.  The  time  when  the  contraction  begins,  and  the  vigor  wi 
it  continues,  and  the  rapidity  with  which  it  returns  to  its  norm 
tion,  after  the  breaking  of  the  current,  varies  with  the  organ  i 
with  Ihe  strength  of  the  current,  and  with  the  condition  of  Ih 
acted  on,  whether  living,  dying,  recently  or  long  dead. 

3.  The  positive  pole  has  a  more  powerful  contracting  infli 
unstriped  muscles  than  the  negative.  The  differential  actic 
poles  is  seen  in  both  currents,  but  is  more  decided  with  the  | 
This  fact  we  were,  \ve  believe,  the  first  to  discover.  This  fa 
more  pott*nt  action  of  the  positive  pole  on  unstriped  muscle  i 
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ble  signification  in  the  treatment  of  engorgements  of  the  uterus, 
Etc.   It  will  be  discussed  in  the  chapter  on  Diseases  of  Women. 

4.  Unstriped  muscles  can  also  be  made  to  contract  by  faradization 
tf  galvanization  of  the  nerves  and  nerve-plexuses  that  supply  them — 
ndirect  electrization. 

5.  The  behavior  of  the  different  organs  that  are  supplied  with  un- 
biped  muscles  under  electrization  depends  on  the  relative  amount  of 
KBcle  in  their  tissues.      The  intestines,  the  scrotum,  contract  rapidly 

figorously ;  the  spleen  and  arteries  less  perceptibly  and  more  slowly, 
r  liver  and  lungs  do  not  apparently  contract  under  either  current, 
electrolytic  action  of  the  current  is  observed  in  these  organs,  as 
a  tit  other  tissues. 

6t  The  differential  reaction  of  voluntary  and  involuntary  muscle  to 
lunrent  is  mainly  a  matter  of  degree.  Both  kinds  of  muscle  con- 
V  io  accordance  with  the  law  of  their  physiological  action,  under 
iD(l»  currents,  and  both  return  to  their  normal  condition  ;  but  invohm- 
toy  muscle  returns  very  slowly,  while  voluntary  muscle  returns  rapidly; 
lltoOst  instantaneously.  When  voluntary  nuiscles  have  become  greatly 
uluiusicd  through  fatigue  or  death,  they  behave  very  much  like  invol* 
r  muscles. 


CHAPTER  IX. 


ACTION   OF    ELECTRICIXy   ON  THE    BLOOD. 


The  action  of  the  gahanic  current  on  the  blood  is  a  5ubje< 
which  we  have  given  at  different  times  considerable  attention, 
coagulates  so  quickly  after  leaving  the  living  body,  that  the  actii 
electricity  upon  it  can  only  be  studied  with  satisfaction  when  the 
trodes  are  placed  withiu  an  artery  or  vein,  or  in  a  current  of  hi 
it  flows  from  the  wounded  blood-vessels  before  the  process  of 
lion   has  set    in.     We   have  experimented   on   blood    with    tlie 
vanic  current  in  both  ways. 

When  the  needles  connected  with  the  poles  of  a  galvanic  battery 
inserted  into  the  feebly  flowing  blood   of  a  wounded  animal,  el 
sis  at  once  takes  place  with  differential  polar  action  of  a  striking 
acter.     At  the  positive  pole  a  small,  firm,  and  dark  clot  forms, 
adheres  closely  to  the  needle,  especially  if  it  be  steel  that  is  readily 
dized.     At  the  negative   pole  a  larger,  softer,   lighter,  yellowish 
forms,  with  a  mixture  of  foam  or  froth  from  the  bubbles  of  hydrogi 

If  the  current  be  strong,  and  the  operation  protracted,  the  posil 
steel  needle  will  become    either   destroyed  by  oxidization  or 
reduced  in  size. 

From  the  above  it  will  be  seen  that  the  action  of  electricity  00 
blood  is  mainly,  if  not  entirely,  of  a  c/iemical  character — in  a 
electrolysis^  or  electro-chemical  decomposition.  Golubew  and  Bur^^*" 
Sanderson  have  studied  the  effect  of  faradization  on  the  blood-corpus*^^** 
under  the  microscope,  and  RoUet  and  Neuman  have  studied  the  s^'^ 
under  the  influence  of  the  galvanic  current.  It  has  been  shown  ^^ 
the  red  corpuscles  of  the  blood  are  discolored  by  the  alkalies  of  *°^ 
negative  pole,  and  caused  to  shrink  by  the  acids  at  the  positive  |.><''f 
Under  the  discharges  of  the  Leyden  jar  the  red  corpuscles  change  tl*^ 
shape  and  lose  their  color. 

March  12th  and  24th,  1871,  Dr.  Beard  made,  with  Dr.  E.  L. 
a  number  of  experiments  on  dogs,  in  order  to  determine  the  di 
tial  action  of  the   poles  in   producing  a  clot.     One  method 
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aling  was  to  etherize   the  animal,  open  the  abdomen  tlirough 
,  altia,  and  expose  the  aorta,  into  which  needles,  insulated  with 
bber  up  near   to  ihcir  points,  and  connected  with  both  poles, 
duced.      In  some  cases  the  artery  was  constricted,  in  others 
ITe  condense  the  record  of  the  experiments  from  the  published 
tnts  of  Dr.  Keyes,*  based  mainly  on  notes  made  at  the  time 
le  physicians  who  co-operated  with  us. 

tPERiMENT  L — March  17th.  A  small  dog  was  etherized,  the 
men  laid  open  through  the  linca  alba,  and  tlie  aorta  exposed, 
live  ajid  negative  needles,  insulated  (imperfectly)  with  hard  rubber, 
fctroduced  into  the  aorta  about  one  inch  apart.  Both  needles 
^f  stec),  gold  plated  at  the  points.  The  negative  needle  was  acci- 
Uly  run  through  the  artery,  and  emerged  into  the  muscle  beneath, 
current  from  sixteen  cells  of  a  Stohrer's  battery  was  passed  for  ten 
The  artery  was  not  compressed.     Blood  dowcd  tliruugh  it  at 

y. — Bloody  foam  surrounded  the  negative  needle,   the   blood 
^g  from  the  artery.     Needle  loose.     It  dropped  out,  the  blood 

ve  needle  adherent  to  artery,  requiring  a  little  force  to  pull  it 

[  Artery  was  cut,  before  the  needle  was  removed,  to  look  for 

•lo  clot  discovered  in  the  vessel.     A  Uttle  black  material  was 

dhereni  to  the  wall  of  the  artery,  and  to  the  positive  needle  at 

K)int  o^  entrance.    The  lining  membrane  of  the  artery  was  altered 

ered,  wherever  either  needle  had  touched  it,  over  a  space 
uid  a  half  line  in  diameter. 
ENT  IV. — Medium-siied  dog  etherized.  Positive  needle 
^.  insulated  with  hard  nibber,  was  placed  in  the  artery.  Nega- 
j^edle  (platinum),  insulated  with  shellac,  in  muscles  near  the  spine. 
H|b  cells  Stohrer.  Time,  ten  minutes.  Current  of  blood  about 
Sroonhs,  arrested  through  the  arter)-,  by  compression  with  thumb 
fingers,  one  inch  above  and  below  the  needle. 
fsuit — Firm  black  clot  outside  of  the  vessel  at  point  of  the  en- 
»  of  needle,  and  where  the  opposite  wall  was  touched  by  the 
jc's  point.  Inside — fimi,  black  clot,  adherent  to  the  wall,  but  not 
augh  to  obliterate  the  vessel, 

membrane  of  artery  blue-black,  and  coats  of  vessel  adherent 

densed  at  point  of  entrance  of  needles,  and  where  opposite  wall 

touched.     Needle  not  much  acted  upon.     A  little  flake  of 

I  Electro-Therapettlics,  New  York  MedicAl  yattrnal,  December,  1871, 
fa 
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bard  nibber  came  r  ff,  and  was  left  attached  to  the  clot.     A  few  bub 
of  oxygen  escaped  from  the  vessel  alongside  the  needle. 

Experiment  VI L — Positive  needle  gold,  non-insulated.    Ne 
needle  steel,  non-insulated.     Both  in  vessel.     Sixteen  cells, 
ten  minutes. 

JifSttU. — Clot  same  at  the  positive  pole  as  in  Experiment  IV.,  1 
action  on  lining  membrane  was  much  less  than   in  that  exp 
Ga.s  escaped  at  negative  needle.     No  clot  at  negative  needle, 
compressed  only  below,  circulation  arrested. 

E.KPKR1.MENT  XI. — Renal  artery  of  dog  was  cut,  and  blood  allow 
flow  into  peritoneal  cavity.     As  it  flowed,  negative  and  positive  sU 
non  insulated  needles,  connected  with  eighteen  cells,  were  dipped  ^j 
it.     Action  commenced  at  once.     A  dark,  clot  formed  about  posi 
needle,  and  a  light  foam  around  negative.     At  the  end  of  one  miajj 
at  the  positive  needle,  a  black  clot  had  formed,  a  quarter  of  an  in 
diameter,  dense  enough  to  be  lifted  out  of  the  fluid  on  the  point  of  ^ 
needle,  and  to  sustain  its  own  weight.     At  negative  needle  there  ' 
64)umous  yellow  mass,  which  could  be  lifted  in  part  from  the  blood  | 
the  needle's  point,  but  which  had  no  consistence  whatever. 

The  cxiieriments  were  cojitinued  with  Dr.  Keyes,  at  the  slaiij 
House,  tile  needles  being  placed  in  the  wanii  blood,  as  it  flowed  i 
the   arteries  of  dying  animals.      These  experiments  were   jwrfon 
under  great  difficukies,  and  at  some  risk  of  being  kicked  by  the  cxpifl 
bullocks,  and  did  not  therefore  lead  to  any  important  results. 

lUood  coagulates  so  quickly  after  it  leaves  the  body  that  when] 
w»vh  tvi  ik-terniine  the  chemical  action  of  the  electric  current  on  it,i 
«ece4s;iry  to  introduce  the  needles  into  the  vessels  of  the  living  anin 
CW  i«\to  the  blood,  just  as  it  is  flowing  from  the  vessels. 

Dining  the  winter  of  1875  Dr.  Beard  made,  with  the  assistance  of  I 
J  11,  Raymond,  similar  experiments  on  dogs  and  rabbits.  The  animi 
W*MC  ctheri/cd,  cut  open,  and  the  needles  (platinum)  inserted  in^* 
<hll«rtnt  arteries  and  veins.  In  some  cases  also  the  arteries  were  n»^ 
lUH'd,  4ud  the  needles  were  introduced  into  the  pool  of  blood  befonfi 
kukd  (Mue  to  coagulate.  V 

'l^p  coiU*lu»ions  in  regard  to  the  electro-coagulability  of  the  blood# 
V)>  Whu  h  wc  have  been  led  by  these  repeated  experiments  on  animil* 
A4Ul  un  Uieu  iire  Uiese  : 

I.  \\\A\\  pole«  of  the  galvanic  current  cause  a  clot  in  blood,  cither 
lttiuUnj{  \\\  AW  artery  or  vein,  or  freshly  drawn,  and  stationary. 

*.    Iho  positive  clot  is  black,  hard,  and  small ;  the  negative 
b  IXfMi  «oi(«  and  bulky. 


CHAPTER  X 

ELECTRO-CONDUCTIVITY  OF   THE  HUMAN  BODY. 

The  chief  constituent  in  the  human  body  is  water,  which  is  aboul 
three-fourths  of  its  average  weight.*  The  saline  constituents  which  dje 
water  holds  in  solution  vary  in  quantity  and  quality  in  the  different 
tissues  and  the  different  parts  and  organs  of  the  body. 

The  conductibility  of  the  body,  as  a  whole,  may  be  best  und^r  r  -l 
by  regarding  it  as  a  mass  of  water  and  saline  ingredients,  wiih  ^  1 
tissue  interspersed.  The  degree  of  resistance  to  the  current  that  difa^ 
ent  [larts  of  the  body  offer  will  therefore  depend  on  dieir  sinic:iin 
Those  parts  which,  like  the  bones  and  epidermis,  contain  little  «  u:^', 
will  offer  a  much  greater  resistance,  and  be  poorer  conductors,  fhia 
those  parts  which,  like  the  muscles,  nerves  and  tendons,  and 
lages,  contain  a  large  percentage  of  water.  Soft  parts,  like  the  >i 
intestines,  and  mucous  membranes  in  general,  offer  compannwiT 
little  resistance,  because  they  contain  so  large  a  percentage  of  saliar 
solutions.  Saline  solutions  conduct  better  than  simple  water,  ioi 
warm  saline  solutions  conduct  better  than  those  which  are  cold. 

The  human  body,  as  a  whole,  conducts  electricity  fifteen  to  tVB^ti 
times  better  than  pure  cold  water,  provided  the  skin  is  thoroughly  row** 
ened.     It  owes  this  superior  conductibility  to  the  warm  saline  ^ 
which  it  contains.     According  to  recent  experiments  by  Ricr 
the  blood  is  the  best  conducting  material  of  the  body. 

Percentage  of  Water  in  the  Tissues. — To  ascertain  the  relai 
portion  of  water  in  the  different  tissues  of  the  body  is  a  suliji 
has  occupied  a  number  of  observers.    The  results  of  the  different  inrt*- 
ligations  do  not  agree  mathematically,  for  the  reason,  partly,  that  \^ 
viduals  differ  in  the  water-holding  capacity  of  their  tissues^  as  in  J 
other  respects. 

The  following  table  f  gives  at  a  glance  the  results  of  the  difftre** 
investigators  r 

•  Pcrcira,  Food  and  Diet,  Am.  ed.,  p.  39, 

f  Ziemssen,  Die  Electricitdt  in  der  Median,  vicrtc  gam  umgeaLfbeitcte  Kd^ 
Ersle  Halftc,  p.  18.     1872. 
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Cray  matla  of  the  braia, 
Vfhitt   •♦      ••    '•     "    . 
Oraiy  matter  of  spinal  cord 
"White    "      "      •*        " 
^erve  nutter 


80. 5 
(E.  Bischoflf) 

85.0 
(Lassaig) 

730 
(Lassaig) 

7t.o 
(Li  Herit) 

65.0 
(Von  Bibn) 

77.0 
(Ranke) 

Muscle 81.2-84.8 

(Ranke) 
Liver 


£Iastic  tisBoe 


!  cornea  . . 
skin.. ... 
Udtrhaut 


Bones — oa  parietAl 


76.1   

(Von  Bibra) 

70.4 

(Schulcze) 

80.9 

(Ranke) 

75.8 

(His) 

SIS'      791 

(WicnboU)    (Ranke) 

14-16 l8-2Q 

(Friedleben)  (Friedleben) 


An  examination  of  the  above  table  shows  dearly  these  two  facts  : 

1.  The  percentage  of  water  in   the  different  tissues  of  the  human 
K>dy,  excepting  tlie  skin  and  bones,  is  almost  unifortn — ranging  be- 
tween 70  and  90.     The  percentage  of  water  in  the  skin  is  almost  two- 
thirds  as  great  as  in  the  brain,  spinal  cord,  and  nerves.      In  the  bones 
the  percentage  of  water  is  one-fifth  that  of  the  soft  tissues. 

2.  There  appears  to  be  more  water  in  the  tissues  of  new-born  chil- 
dren than  in  adults.     The  difference,  however,  is  but  trifling. 

Investigations  of  a  similar  character  have  been  made  on  the  tissues  of 
;cn,  dogs,  frogs,  cats,  hares,  and  rabbits ;  the  results  do  not  differ  mate- 
rially from  those  obtained  on  the  tissues  of  human  beings. 

Compared  with  a  number  of  metallic  substances,  the  human  body 
an  exceedingly  poor  conductor.  Thus  it  has  been  estuiiated  that 
copper  is  several  thousand  million  times  a  better  conductor  than  the 
human  body. 

Dr.  C.  B.  Radcliffe  made  three  experiments,  in  which  he  measured  the 
resistance  of  nerve,  tendon,  and  muscle,  as  nearly  of  the  same  shape 
mnd  size  as  possible.  The  pieces  were  taken  from  the  sciatic  nerve, 
the  tendo-Achillis,  and  the  adductor  longus  of  a  recently  killed  rabbit- 
He  fotmd  the  mean  resistance  of  one  inch  of  the  sciatic  nerve  to  be 
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40,000  units  (see  p.  77) — that  is,  about  eight  times  the  reststaxicej 
Atlantic  cable  ;  of  the  tendon,  38,000  units;  and  of  the  muscle,  ; 
units.* 

Bones  and  Skin  poor  Conductors, — It  should  never  be  forgotten  . 
the  epidermis,  in  a  dry  state,  is  a  poor  conductor.     In   practic 
resistance  of  the  epidermis  is  overcome  by  thoroughly  inoisteny 
The  hair  and  nails  are  also  poor  conductojs.     In  making  applicatifl^ 
the  top  of  the  head  it  is  necessary  to  thoroughly  moisten  the  hair, 
bones  contain  less  water  than  the  soft  parts,  and  are  consequently  | 
conductors.     Soft  parts  which  are  thus  enclosed  in  a  bony  cover^ 
less  powerfully  affected  than  soft  parts  which  are  not  so  enclosed  j 

The  Current  tends  to  take  the  shortest  Way  bettceen  the  Electro 
The  electric  current  always  takes  the  shortest  and  most  direct  oounr] 
from  one  pole  to  the  other,  provided  the  media  intervening  bet 
electrodes  is  of  a  uniform  conductibility.    When,  therefore,  th^ 
electrode  is  applied  to  one  part  of  the  body,  and  the  negative  t(^ 
other,  the  current  would  diffuse  itself  uniformly  between   the 
provided  the  structures  of  the  body  between  tliem  were  uniform, 
as  has  been  seen,  the  different  parts  of  the  body  vary  widely  in  \ 
to  their  conductibility, — those  which  contain  a  large  quantity  of  1 
solutions  being  good  conductors,  and,  vice  versA^  those  which  i 
a  small  quantity  being  poor  conductors, — the  difference  of  conduci 
between  muscle  and  bone  being  nearly  twenty  to  one. 

The  current  does  not  affect  all  parts  alike.  The  extent  to  wliic 
part  is  directly  reached,  wben  the  current  is  applied  over  the  si 
will  depend  both  on  its  structure  and  its  situation. 

Soft  parts,  which  contain  a  large  amount  of  water,  like  the 
spinal  cord,  and  abdominal  viscera,  are  good  conductors,  and 
their  situation  is  unfavorable,  they  are  directly  and  powerfally  \ 
by  the  current,  when  applied  to  the  surface  by  means  of  moist  1 
ors.     On  the  other  hand,  bone,  which  contains  a  much  less  |)crc 
of  water  than  the  muscles  and  soft  parts,  is  comparatively  a  po  ^rvfl 
ductor.    Accordingly,  soft  parts  which  arc  partially  or  entirely  ei 
by  bone  are  much  less  readily  affected  by  external  application^ 
would  be  the  case  if  they  were  exposed. 

Another  legitimate  inference  from  (he  accepted  theories  of  the  i 
of  electricity,  and  from  what  we  know  of  the  relative  conductiviifl 
the  different  tissues  of  the  body  is,  that  when  electrodes  are  pliCfllf 
the  surface  of  the  body  the  current  moves  between  them  in  a  kiaii 


•  Dynamics  9/  Nerw  and  MuHltf  p.  19, 


I  ELECTRO-CONDUCTIVITY  OF  THE  HUMAN  BODY. 


183 


lative  or  wave-like  manner,  extending  on  both  sides  of  the  median 
>etween  them  for  a  considerable  distance. 

lal  these  theories,  in  regard  to  the  electro-conductivity  of  the  body, 
ound,  is  proved  in  three  ways  : 
Ry  experiment  on  the  living  subject. 

By  direct  experiment  with  the  galvanoscopic  frog  and  reflecting 
inometer  on  the  dead  subject 
By  the  evidence  of  pathological  cases. 

lat  the  tendency  of  electricity  is  to  take  the  shortest  road  between 
lectrodes,  is  proved  by  the  following  experiment :  The  two  fore- 
are  crossed  so  that  they  touch  each  other  a  little  distance  above 
"•rist.  Placing  now  one  electrode  on  the  outer  surface  of  each  arm, 
etting  the  galvanic  current  nm,  a  feeling  of  heat  and  pricking  is 
ipt  only  beneath  the  electrodes,  but  also,  to  a  less  degree,  at  the 
mur/af^s  of  the  forearms  where  they  touch  each  other.  On  reraov- 
Se  electrodes  it  is  observed  that  not  only  the  spots  beneath  the 
todes,  but  also  the  spots  where  the  arms  touched,  have  become 
cned. 

Jis  shows  that  a  portion  of  the  current  takes  the  shortest  way  from 
flcctrode  to  the  other,  although  that  road  lies  tlirough  two  layers 
''dermis,  which  is  a  very  bad  conductor. 

HjTtion  of  the  current,  in  this  experiment,  goes  up  the  arm,  across 
kiy,  and  down  the  other  arm. 

der  to  ascertain  what  proportion  of  the  current  took  the  route 

the  arms,  Zicmssen*  made  the  following  experiment:   Putting 

eamj  over  the  other,  as  in  Erb's  experiment,  he  placed  between 

plates  of  zinc,  connected  with  a  delicate  reflecting  galvanom- 

f  Electro-Physics,  page  47).     The  result  of  the  experiment,  when 

Bents  were  directed  across  the  arms,  was  a  deflection  of  the 
&'36.3°.  The  same  arrangement  made  on  the  dead  body  gave, 
o  elements,  a  deflection  of  8.5°  ;  with  15  elements,  a  deflection  of 
■  -with  20  elements,  28.2**.  On  separating  the  forearm,  so  that 
nolc  current  must  run  around  through  the  arms  and  body,  he 

that  with  10  elements  there  was  a  deflection  of  15.9";  with  15 
?nts,  a  deflection  of  31.7*  ;  with  20  elements,  a  deflection  of  48.5°. 
Conclusion  was  that  in  each  experiment  one-half  of  the  current 
across  through  the  forearms,  and  the  other  half  up  and  down  the 
and  through  the  body. 

of  Pathological  Cases. — ^When  the  spinal  cord  is  in  a  condi* 


•  Op.  dt.,  p.  J2. 
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don  of  health,  a  powerful  current  may  be  applied  down  the  back  \ 
out  discomfort ;  but  in  cases  of  myelitis,  spinal  congestion,  and  od 
morbid  states,  very  marked  and  peculiar  symptoms  are  sometimes  < 
served.    We  have  seen  a  case  of  myelitis  when  even  a  very  mild  i 
current  over  the  spine,  near  the  supposed  seat  of  the  disease,  caui 
severe  pain  in  the  right  leg  that  continued  for  several  hours.    SudkJ 
phenomenon  is  never  observed  in  health.     The  fact  that  it  does  ( 
especially  when  the  electrodes  are  not  placed   near  any  prorain 
nerves,  shows  very  clearly  that  the  current  affects  the  spinal  cord  it] 
more  direct  way  than  by  mere  reflex  action. 

The  sensations  of  the  patient,  and  the  results  of  treatment,  also  ! 
that  the  stomach,  liver,  spleen,  intestines,  and  the  genital  orgins  j 
both  sexes,  are  traversed  by  the  current  in  external  applications  of  i 
current. 

Experiments  on  Dead  Subject  with  a  Fro^  Preparation. — Erb  op 
the  skull  of  a  dead  body,  took  out  the   brain,  and  covered  the  i 
side  of  the  skull   with  pieces  of  muscle  about    three  quarters  of  | 
inch   thick.     Over   the  muscle  pieces  of  skin  were  placed,  and  " 
the  skin  the  electrodes.     The  skull  was  then  filled  with  the  brain«J 
such  a  way  as  to  avoid  any  direct  connection  with  the  muscle, 
skull  was  thoroughly  dried,  and  a  prepared  frog  placed  on  tlie  cerd 
nutter.     A  very  gentle  current  was  then  let  on,  and  both  on  open 
and  closing  the  frog  contracted  energetically,  showing  that  a  portion^ 
the  eleclricity  at  least  passed  through  the  brain.     Branch  currents  may" 
also  have  gone  around  through  the  layer  of  muscular  tissue  ;  but  ibc 
important  points  that  some  of  the  electricity  took  the  short  way  direct 
through  the  skull  and  brain,  was  in  this  experiment  conclusively  shown. 

The  same  experiment  wJtli    the   faradic   current   showed  the   sanM 

rettiU. 

Similar  experiments  on  the  spinal  cord  showed  that  the  current  pcne- 
tv«teil  the  vcrtcbne  as  readily  as  through  tlie  skull 

A<tuitl  Experiment  7cnth  a  Reflecting  Galvanometer. — The  evidences 
alivmly  given  are  sufficient,  with  corroboration,  to  establish  the  fact, 
that  ihe  electricity,  when  applied  to  the  surface  of  the  body,  goes 
ihuumh  ihc  tissues  lying  between  the  electrodes,  and  that  all  the  in- 
Iciual  or|;ai»s  may  be  thus  acted  on  by  the  current.  The  mathcmaticaJ 
lIvCttiMUllAtionft  of  this  fact  that  have  been  recently  made  by  Burchardt); 
iod  tftrr  him  by  Zicmssen,  are,  however,  none  the  less  interesting. 
J^m^nS  uulhod  of  investigation  was  to  insert  two  platinum  needles, 
III  their  points,  into  the  organ  to  be  experimented  on,  as  thfl 

t4,nu,  »^>u.»l  4:ord,  sympathetic,  lungs,  liver,  etc.,  and  connect  them  with 


1 86 


ELECTRO-PHYSIOLOGY. 


No.  of  dements. 

Needles  in  posterior 

poles  in  direct  line 

of  current. 

Needles  in  anterior 
poles  out  of 
direct  line. 

Ncedl 

tubei 

qaadnn 

5 

1-5" 

o.6» 

I^ 

lo 

2.1" 

1-7'* 

a.1 

IS 

30 

3-S 
4J 

In  the  above  observation,  which  may  be  regarded  as  a  crucial 
convincing  one,  these  three  points  are  distinctly  proved  : 

J^irsfy  That   the  current  passes  from    one  electrode  to  the 
through  bone  and  biain. 

Second^  That  most  of  the  derived  currents  take  the  direct  route  tl 
axis  between  the  electrodes,  and  that  the  strength  of  the  derived 
the  conductivity  of  the  parts  being  the  same,  diminishes  in  pi 
to  their  distances  from  the  axis. 

Third,  That  the  tubercula  quadrigemina,  by  virtue   of  their 
structure,  conduct  electricity  better  than  the  after  parts  of  the 

Fourth,  That  the  strength  of  the  currents  sent  through  the 
proportioned  with  considerable  exactness  to  the  strength  of  the 
emjiloyed  in  the  application. 

The  laws  of  conductivity  of  the  body,  as  here  demonstrated  ti 
brain,  have  also  been  similarly  demonstrated  in   the  spinal  cord 
all  the  organs  of  the  thorax  and  abdomen. 

The  grand  conclusion  from  all  these  experiments,  and  from 
experience,  is  that  the  ehctro-conductivlty  of  the  human  body  is 
explained,  mainly,  by  the  ordinary  physical  laws  of  eUciro-condk 
and  only  to  a  very  limited  extent  by  physiology. 

Physiology  and  pathology  inay  come  in  to  modify,  to  a  slight  e; 
the  conductivity  of  the  body  ;  for,  as  we  have  seen,  individuals  dil 
their  conductivity.  Increase  in  the  quantity  of  blood  or  salts  in  the 
increases  the  conductivity,  and  diminutioit  of  blood  or  of  the 
takes  place  in  some  diseases,  diminishes  the  conductivity.     But 
these  varying  factors  have  caused  only  a  very  slight  perturbation  of  ib^ 
[>hysical  laws  of  electro-conductivity. 

There  is  some  difference  in  the  conductivity  of  the  living  and  dc* 
body,  but  this  dift'erence  can  mostly  be  explained  by /^jx/Vrt/ principle 
It  may  well  be  questioned  whether  the  principle  of  life,  whatever  thi 
may  be,  exerts  any  very  important  influence  on   electro-conductivii 
Burchardt  found  that  when  more  saline  solutions  were  injected  into 
dead  body  the  electro  conductivity  was  increased.     This  is  just 
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ect  on  physical  principles,  because  warm  saline  solutions 
uctors  of  electricity  in  the  body  or  out  of  it. 
o  Ranke,  living  muscle  conducts  much  worse  than  dead 
roportion  being  as  loo  to  56.  Living  muscle  conducts 
imes,  and  dead  muscle  64,400,000  times  worse  than 
d  muscle  conducts  better  than  living,  on  account  of  the 

and  chemical  changes  that  take  place  after  death,  and 
iccount  of  the  accumulation  of  lactic  acid. 
luctivity  modified  by  Age  and  Temperament. — ^Young  peo- 
tx  resistance  than  old  people,  for  the  probable  reason  that 
he  old  contain  more  of  the  salts  than  those  of  the  young. 

those  who  labor  with  muscle,  and  whose  epidermis  is 
ned,  offer  greater  resistance  than  the  hands  of  those  who 
alone.  The  right  hand,  being  more  used  than  the  left, 
jpidermis,  and  therefore  presents  a  greater  resistance, 
dividuals  of  the  same  age  and  condition  differ  in  their 
n  a  manner  that  cannot  be  fully  explained.  When 
a  battery,  or  faradic  machine,  or  Leyden  jar  are  sent 
nber  of  persons  in  a  row,  some  will  feel  it  slightly,  others 
perhaps  one  or  more  may  be  almost  if  not  quite  pros- 
fact  may  explain  some  of  the  freaks  of  lightning,  for  it 
known  that  when  a  number  of  persons  are  standing  near 
may  be  struck  down  and  others  unharmed.  Some  Indians 
t  is  said,  can  take  hold  of  the  electric  eel  without  receiving 

ndividual  may  conduct  differently  at  different  times.  As 
(erpetually  changing,  as  it  varies  in  its  intimate  constitu- 
from  year  to  year,  but  from  day  to  day,  and  from  moment 
is  easy  to  understand  why  it  should  vary  in  its  suscep- 
tricity,  just  as  it  varies  in  its  susceptibility  to  the  articles 
od,  to  stimulants  and  narcotics,  and  to  internal  medi- 
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THE  EFFECT  OF  ELECTRICITY  ON   NDTI  mON. 


It  is  not  a  little  surprising  that  electricity  should  have  been  i 
a  therapeutic  agent  for  more  than  a  century  before  it  ^'  ^ -^  ' 
recognized  among  scientific  men  as  a  powerful  means  of 
tion.  In  1867,  after  a  scries  of  preliminary  experiments,  nuu^i 
ducted  by  Dr.  Rockwell,  we  ascertained  that  electTization  wasi; 
of  most  remarkable  efficacy ;  that  its  permanent  tonic  cficcts  wfl 
deed,  far  more  wonderful,  as  well  as  more  valuable,  than  itsM 
stimulating  effects.  When  we  announced  this  discovery  to  S 
fession,  in  our  Treatise  on  the  Medical  Use  of  Electricityj  the  5Ut« 
was  received  by  many,  and  especially  by  those  accastoraed  M 
familiar  with  other  electro-ph3'siological  and  electro- therapcu 
searches,  with  incredulity  and  surprise. 

The  attention  of  observers  has  been  so  exclusively  dire 
primary  stinnilaiing  effects  of  electricity,  that  they  have  ne 
pursue  the  subject  further,  and  to  study  its  permanent  effects  on  nai 

The  effects  of  the  passage  of  electricity  through  the  body  > 
fourfold  character : 

1.  Afechanica! 

2.  Physical. 

3.  Chemical. 

4.  Phpiologieal. 
Inasmuch  as  the  effect  of  electricity  on  nutrition  is  a 

all  these  four  orders  of  effects,  it  is  necessary  to  speak  of| 
some  detail. 

The  mechanical^  physical^  and  chemical  effects  of  electric 
body  are  similar  in  character  to  the  same  effects  of  clectricitj 
substance  whatever  ;    the  physiological  effects   are  those 
place  in  virtue  of  the  vital  properties  of  the  tissues.     The  1 
effects  of  electricity  on  the  body  are  most  markedly  apprcciAt< 
the  faradic  current.     The  reason  is  clear  from  the  nature  of  tli 
current.     It  is  a  current  of  alternation,  of  to-and-fro  motio 
Want    closing   and    breaking    (see  Electro-Physics,   p.  64). 
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rough  the  body,  even  when  it  produces  no  muscular  contrac- 
ts very  much  in  the  same  way  as  gentle  tapping,  or  pound* 
bbing  on  tlie  tissues ;  and  lliis  gives  passive  exercises  to  all 
ir  lying  as  well  as  the  superficial  tissues.  We  may  believe 
bnoiccules  of  the  tissues  are  agitated  by  the  passage  of  the 
s  the  particles  of  a  bar  of  iron  are  moved  by  the  influence  of 
Ltion  (see  p.  9),  or  as  bodies  are  expanded  by  heat.  The 
branch  currents  going  to  and  fro  act  as  so  many  shuttlecocks, 
fcry  atom  in  incessant  disturbance.  That  the  simple  process 
on  the  surface  of  the  bod>-,  by  means  of  the  vibratiotts  that 
has  a  positively  beneficial  effect  in  certain  chronic  affec- 
long  been  recognized.  It  is  reasonable  to  suppose  that  this 
effect  is  in  part  due  to  the  increase  of  endosmotic  action. 
U  Effects. — The  physical  effects  of  the  passage  of  electricity 
ic  body  are  heat,  and  the  modification  of  endosmose  and  exoS' 
the  iransferrence  oi  substances  from  one  pole  to  the  other. 
t  excited  in  the  body  by  the  simple  pas.sagc  of  a  weak  cur- 
causes  no  muscular  contraction,  is  small ;  but  there  is  little 
hat  heat  is  thus  excited,  although  it  is  difficult  or  impossible 
re  it  by  the  thermometer.  The  main  arguments  in  favor  of 
are  (1),  that  all  conductors  of  electricity  become  heated 
less  in  proportion  to  their  resistance — the  body  offers  great 
and  more  or  less  of  the  electric  force  must  be  converted 
;  aod  (2),  powerful  currents,  either  galvanic  or  faradic, 
not  used  so  as  to  excite  n)uscular  contractions,  cause  in- 
heai  in  the  track  of  its  passage,  so  marked  as  to  be  easily 
>y  the  touch.  No  thermometer  is  necessary  to  show  that  in 
operations,  where  strong  currents  are  used,  the  tissues  near 
ies,  and  between  them,  become  intensely  heated,  so  that  to 
Dger  on  them  almost  causes  pain.  This  fact  we  have  demon- 
"fer  and  over  again  in  various  parts  of  the  body.  It  is  equally 
the  faradic  current,  even  when  not  very  powerful,  raises  tlie 
ire  of  the  parts  through  which  it  passes.  The  sensation  of 
,t  and  palpation  by  the  operator  demonstrate  this  beyond 
!old  extremities  are  warmed  sensibly  and  quite  rapidly  by 
)D  or  galvanization,  even  when  no  sensible  muscular  contrac- 
>roduccdby  the  current.  It  is  logical  to  infer  that  very  weak 
ither  faradic  or  galvanic,  cause  a  slight  increase  of  heat  by 
the  passage  of  the  current,  and  as  a  physical  effect  of  such 
ithout  reference  to  the  physiological  phenomenon  that  must 
ly  the  physical  phenomena,  which  must  probably  also  cause 
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a  rise  of  the  temperature.     Schiff  declares,  as  a  result  of  his 
lions,  that  a  nerve  is  warmed  by  an  almost  momentary  passage 
car  rent 

A  second  important  physical  effect  of  the  passage  of  an  eled 
rent  through  the  body  is  the  transference  of  substances  from 
to  the  other.  This  physical  effect  of  the  current  has  long  been 
nized.  In  the  electric  light,  for  example,  the  particles  of  cai 
from  the  positive  to  the  negative  pole,  and  to  so  marked  a  dcgi 
the  positive  carbon  is  quite  rapidly  worn  away.  A  very  real 
illustration  of  this  transference  of  matter  in  the  track  of  clectrid 
times  occurs  in  lightning  stroke.  Trustworthy  cases  are  repo 
individuals  who  have  been  found  struck  dead  by  lightning,  and 
on  their  bodies  distinct  images  or  impressions  of  some  object,  as 
or  house,  near  which  they  stood  when  they  fell. 

In  1864,  at  Nibelle,  in  France,  three  men  who  were  galherin( 
were  struck  by  lightning.  One  was  killed  at  once.  The  othi 
thrown  to  the  ground  unconscious,  and  one  of  these,  when  taken 
was  found  to  have  on  his  breast  a  "distinct  daguerreotype  of  the 

In  i860  a  woman  of  Sisonne,  in  France,  who  was  struck  by  lig 
carried  on  her  back  a  complete  image  of  a  tree^trunk,  branch( 
leaves— that  was  near  the  place  where  she  fell.  A  similar  ca 
conlcd  by  Franklin.* 

The  explanation  of  all  these  cases  is  the  same.     The  partidi 
tree,  reduced  to  great  fineness  by  the  electricity,  arc  mechanical! 
ported  and  burned  in  the  skin.     The  process  is  therefore  not  d 
Uit  mechanical  and  thermic. 

Ilodics  have  been  literally  tattooed  in  this  way.  Transference 
stances  is  a  part  and  result  of  the  electrolysis  in  organic  sub 
already  described  (Electro-Physics,  p.  58),  and  also  of  the  cl© 
of  organic  bodies  to  be  hereafter  described. 

The  electric  currents  also  exercise  a  positive  and  very  intere! 

iluence  over  cndosmose.    By  the  passage  of  a  galvanic  current  thfl 

rootic  phenomena  may  be  both  siinnilated  or  reversed.     This  it 

in  the  following  experiment  of  Dutrochet :    A  tube  containin 

is  closed  at  one  of  its  ends  by  animal  membrane  and  di( 

a  vessel  containing  common  water.     By  the  ordinary  operation 

)t^  of  endosmosis  the  gum-water  rises  in  the  tube  on  account 

of  soniC  of  the  ordinary  water  through  the  membr 

*«-4WWli!h«oitHJ.by  M.  Dr.  Fcdet  (Clermont   Ferrand),  Cati/U 
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tinned.     On  this  subject  we  shall  speak  in  more  detail  in  thes 
Electro-Therapeutics. 

Chemical  Effects. — The  chemical  effects  of  the  current  are  OTiiJ 
an  elcctrolylic  character.  They  consist  of  an  eleciro-cliemjcai  ctiul 
tion  of  tlie  fluids  of  which  the  body  is  composed.  The  geucfj)^ 
and  phenomena  of  electrolysis  in  its  relation  to  inorganic  sah 
have  aheady  been  set  forth  in  the  chapter  on  that  subject  in 
Physics.  It  remains  for  us  here  to  speak  of  electrolysis,  in  i«  1 
tion  to  organic  life.  At  the  outset  we  may  remark  that  there i^ 
e/idence  that  organization^  as  such,  seriously  modifies  electron 
decomposition.  The  fluids  of  the  body  decompose  undLTthein 
of  the  current,  just  as  the  same  combination  of  fluids  with  tissue' 
decompose  if  not  endowed  Nvith  life.  If  the  results  of  the  elei 
of  the  dead  body  are  different  from  the  results  of  the  elcctwlTS 
the  living  body,  it  is  because  of  the  cliemical  changes  that  lake  j 
the  body  after  life  has  departed. 

The  human  body  is  composed  of  fourteen  different  chemicjll 
stances,  many  of  which  are  singly  capable  of  decomposing  un 
current,  and  in  their  various  combinations  are  capable  of  many^ 
positions  and  recompositions,  with  secondary  results  tliat  cannoli 
estimated. 

The  general  facts  of  the  electrolysis  of  inorganic  substanc 
pearance  of  oxygen  and  acids  at  the  positive  pole,  and  by 
alkalies  at  the  negative  pole,  apply  also  to  the  electrolysis  of  I 
body.     The    great    law  aiTived    at    by    Faraday,  that   in 
substances    are    decomposed   in  equivalent  proportions  (see 
Physics,  p.  54),  also  finds   no  exception  or  interference  ifl 
structures. 

Somt  of  the  Phenomena  of  Electrolysis  of  Living  and  Dead  \ 
In  order  to  determine  the  electrolytic  effect  of  the  current  on  organil 
stances  we  have  made  a  wide  variety  of  experiments  on  both  liVJi^ 
dead  tissues,  fluid  and  solid,  in  a  normal  as  well  as  pathologicili 
tion,  on  animals  and  men.  Wc  have  tried  the  galvanic  current  ( 
voluntary  and  involuntary  iiiusclcs  ;  on  the  mucous  and  scrott>I 
branes  ;  on  brain,  spinal,  and  nerve  matter;  on  the  lungs,  the  I 
liver,  spleen,  stomach,  intestines,  bladder,  uterus  ;  on  the  salivas 
urine  ;  on  the  cartilage  and  on  bones.  The  general  concla 
whi;h  we  have  arrived  from  these  experiments  are  these  : 

i.  All  these  animal  tissues,  living  or  dead,  decompose,  so  for  I 
be  seen,  like  inorganic  substances,  and  by  uniform  laws. 

2.  The  fact  most  patent  to  superficial  observation  is  that  the  1 
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EUctrolysis  of  the  Aqueous  and  Vitreous  Humors  of  the  Eye.—\ 
plalinum  needles  connected  with  a  galvanic  current  are  inserted  I 
the  aqueous  and  vitreous  humors  of  the  eye  of  a  dead  or  dying  i 
rapid  eltrctrolysis  takes  place  at  both  poles,  with  evolution  of  ga 
albuminous  envelopes.     A  cloud  resembling  cataract  is  speedily  fo 
over  the  inipil,  and  in  a  few  moments,  if  the  current  be  of 
strength,  the  covering  of  the  eye  will  be  ruptured,  with  a  violent  ( 
of  albumen-envelo[ied  gases.     This  process,  which  Dr.  Beard  )us  i 
quentiy  studied  in  the  eyes  of  rabbits  and  dogs,  is  similar  to  that  y 
takes  place  in  the  electrolysis  of  hydrocele  and  of  certain  cystic  I 

EUctrolysis  of  Beef. — It  is  possible  to  gain  a  measurably  correct l| 
of  what  changes  take  place  during  and  after  electrolysis  of  the 
body,  in  health  or  disease,  by  studying  the  phenomena  titat 
during  electrolysis  of  dead  tissue.  If  a  piece  of  beefsteak,  for  i 
be  subjected  to  the  action  of  the  galvanic  current  by  needles  conno 
with  the  positive  and  negative  poles,  a  process  somewhat  resea 
frying  can  be  distinctly  seen  and  heard  and  felt ;  more  specifi 
bubbles  of  hydrogen  appear  at  the  negative  pole,  and  a  kind  of  hisi 
sound  is  heard,  even  when  the  ear  is  at  some  little  distance,  and  a] 
five  sensation  of  heat  is  felt  when  the  tinger  is  pressed  over  the  | 
that  is  being  electrolyzed.  Under  the  microscope  this  process  ( 
more  closely  studied.  Chemical  examination  sliows  that  o\ 
and  albumen  go  to  the  positive  pole,  while  hydrogen,  . 
coloring  matter  go  to  the  negative,  and  the  action  at  the  negative  | 
is  much  greater  than  at  the  positive.  Under  this  process  the  beef] 
comes  gradually  dried  and  changed  in  color,  owing  to  the  disapiici 
of  the  watery  constituents  and  the  other  electrolytic  action; 
proportion  as  ihc  beef  grows  drier  and  the  fibres  begin  to  lose  their  J 
herence  and  fall  apart,  the  electrolytic  process  becomes  less  and^^ 
active,  because  there  is  less  fluid  on  which  to  act. 

For  some  hours  after  the  needles  are  removed,  the  process  of  ( 
and  disintegration  and  decoloration  goes  on,  until  the  portion  thu| 
between  and  near  the  poles  shrivels,  contracts,  and  crumbles  un^ 
resembles  the  burnt  corners  of  a  jiicce  of  roast  beef. 

Electrolysis  of  Fruits  and  Vegetables. — We  have  experimented  ( 
variety  of  fruits  and  vegetables — as  oranges,  lemons,   apples, 
peachcii,  jxit.itoes,  turnips,  etc.     The  effects  of  the  electrolytic 
M  they  appear  to  the  eye  and  the  car,  though  consistent  with  the 
general  laws  of  electrolysis  of  inorganic  substances,  yet  are  more  orJ 
mcuUftcd  by  the  varieties  oX  structure.     When  a  sound  apple  is  dc 
ly«eit,  tho  p&rt  around  the  negative  needle  changes  in  color  and  1 
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There  are  in  general /«?«r  ways  in  which  electricity  applied  .0  dlt| 
sues  modifies  their  physiological  functions  :— 

X.  It  may  increase  them. 

2.  It  may  diminish  them. 

3.  It  may  arrest  them. 

4.  It  may  modify  their  quality. 

Some  of  the  more  important  illustrations  of  their  effects  hi»e( 
already  discussed. 

We  have  seen  that  electricity,  according  to  the  kind  that  1$  em|>l 
and  according  to  the  method  and  strength  and  length  of  the : 
tion,  causes  various  phenomena  on  the  skin,  contracts  votuntiryl 
involuntary  muscles  when  applied  either  to  the  muscles  tlicmselirt 
to  the  nerves  that  supply  them,  and  increases  the  process  of  oxid 
and  raises  the  temperature,  excites  the  nerves  of  common  ami '. 
sense  so  as  to  cause  pain,  (lashes  before  the  eyes,  noises  in  thccirvl 
a   peculiar  taste   and  odor.     When  applied  to  the  pneumo 
increases,  diminishes,  or  arrests  the  action  of  the  heart. 

It  remains  here  to  speak  of  the  following  physiological  effects  of  I 
tricity : — 

1.  On  the  circulation. 

2.  On  secretion  and  excretion. 

3.  On  absorption. 

The  effect  of  electricity  on  the  circulation  is  somewh.it  cotnjil* 
includes  the  effect  on  the  heart  and  on  the  unstriped  musculirfib 
the  arteries,  as  well  as  on  the  central  and  peripheral  nervous  sw 
general,  since  the  flow  of  blood  in  the  arteries,  veins,  and  cap 
influenced  by  the  quality  and  quantity  of  innervation  that  thcyi 
We  have  to  sjieak  merely  of  the  direct  effect  of  electricity 
lary  circulation.     It  has  been  shown  already  that  eleclrii 
cervical  sym|)athetic  may  have  the  directly  opposite  effect  of  < 
or  dilating  the  vessels  of  the  retina.     That  the  same  opp 
may  follow  electrization  of  any  part  or  organ,  depending 
perament  of  the  ])atient,  the  quality  of  current,  and  the  Ir 
strength  of  the  application,  is  also  demonstrable.     One  effect  i 
fitant  under  all  conditions,  and  that  is,  that  the  circulation  is  j 
in  one  or  the  other,  or  in  both  ways.     The  average  ultima 
to  increase  the Jfaicf  of  blood,  raise  the  temperature^  and diloi 
Dilatation  of  the  veins,  after  prolonged  electrization,  ts  a 
that  can  be  demonstrated  widi  ease  on  any  part  of  the  bod/  \ 
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are  prominent.  The  back  of  the  hand  is  the  best  place  to  study 
►hcnomenon,  and  faradization  illustrates  it  most  distinctly, 
is  enlargement  of  the  veins  is  accompanied  by  a  rise  in  tempera- 
;hat  is  appreciated  by  the  subject,  and  if  the  muscles  have  been 
l^ht  into  vigorous  contraction,  by  the  thermometer,  as  we  have  al- 
jtapen  {p.  ).  Under  general  faradization  the  hands  and  feet  be- 
Plftrmer  during  the  sitting,  and  may  remain  warmer  for  hours.  Cen- 
galvanization,  or  galvanization  of  the  cervical  sympathetic,  also 
\s  the  peri]>hery. 

p  Secrftion  and  Excretion. — The  secreting  power  of  the  secreting 
IS  of  the  body  is  very  markedly  influenced  by  electrization.  The 
yjfiect  is  to  increase  their  activity  ;  but  when  very  mild  currents 
Hit  such  effect  is  not  always  observed,  and  it  is  probable,  from  our 
TTTJcnts,  that  very  strong  currents  may  produce  a  reverse  effect 
I  the  lachrymal  glands  the  action  of  the  current  is  not  so  easily 
b,  because  strong  currents  are  not  well  borne  on  the  face  or  head, 
he  glands  themselves  are  not  directly  accessible.  It  is  difficult  to 
■e  whether  the  flow  of  tears  that  accompanies  strong  electrization 

^face  is  the  result  of  the  mechanical  irritation  or  the  physio- 
ction  of  the  current  on  the  lachrynial  glands  or  the  nerves  that 
y  them. 

le  secretion  in  mtuous  membranes  is  quickly  increased  by  cleciriza- 
ttLcan  be  demonstrated  most  easily  on  the  Schneiderian  membrane 
Bns  of  metallic  electrodes  introduced  in  the  nasal  passages. 
Set  becomes  of  practical  importance  in  the  treatment  of  the  so- 
I  "dry  catarrh,"  and  also  in  exhausting  diseases,  associated  with 
!ss  of  the  mucous  membranes. 

I  the  salivary  secretion  the  effect  of  the  current  is  very  easy  of  de- 
Uation.  That  application  of  the  current,  both  galvanic  and  faradic, 
Bease  the  secretion  of  the  salivary  glands,  is  very  easily  demon- 
^  We  have  shown  this  at  various  times  during  the  past  five  years, 
tiizing  or  faradizing  the  tragus  of  the  ear,  with  either  pole,  or  against 
nembrana  tympani.  This  effect  is  due  to  the  excitation  of  the 
b^ynipani  nerve»  some  of  the  fibres  of  which  go  to  the  submaxillary 
■^  This  increase  of  saliva  is  sometimes  so  great  that,  while  the 
HU  flowing,  continual  swallowing  is  necessary. 
Hisitive  persons  the  same  effect  follows,  by  reflex  action,  electri- 
I  in  almost  any  part  of  the  neck  or  face.  In  certain  pathological 
,  as  Addison's  disease,  Dr.  Rockwell*  has  found  the  annoying  dry- 

liese  results  are  aMuded  to  in  the  recent  edition  of  Dr.  FUnt's  work  on  the 
jM  of  Medicine. 


198 


ELECTRO-PHYSIOLOGY. 


ness  of  the  mouth  greatly  relieved  by  electmariou,  and  in  paiholi 
cases  of  the  severe  character,  as  in  diabetes,  when  the  salivary  t 
may  be  greatly   increased,  we    have  found    central   galvaniz 
diminish  the  secretion  quite  rapidly. 

On  the  biliary  secretion  the  action  of  the  current  is  less  easy  of  i 
niatical  demonstration.     The  results  of  external  electiiration  in] 
logical  cases  seem  to  prove  that  the  quantity  of  the  bile  may  be  incrcaidi 
Whether  this  increase  is  due  to  the  action  of  the  current  on  llic  so^ 
stance  of  the  liver,  or  the  nerves  that  supply  it,  wc  are  not  ab 
state. 

The  secretion  o{  gastric  juice,  and  of  the  intestinal  fiuid,  is  in  all  i 
ability  increased  by  external  electiiiation.      Analogy  would  shovr  theic. 
fluids  ought  to  be  secreted  in  greater  abundance  under  the  influence  ^ 
the  current,  and  the  results  of  treatment  in  pathological  cases 
probability  something  of  the  force  of  certainly.     Api)etite  is  si. 
digestion  is  quickened,  and  constipation  relieved,  both  by  local  and  I 
general  electrical  treatment,  so  rapidly  and  so  decidedly  as  to  make! 
pretty  evident  that  the  gastric  and  intestinal  fluids  are  made  to ! 
more  liberally  by  the  action  of  the  current  on  the  nerves  that 
these  organs  than  on  the  tissues  of  the  organs  themselves. 

An  excellent  means  of  studying  the  variations  in  the  nutrition  ii 
found  in  the  elimination  of  the  urine.  This  is  believeil  to  be  a  rc«lt 
of  oxidation  processes  that  may  take  place  either  in  the  kidneys  or  in 
the  tissues,  or  in  both. 

Legros  and  Onimus  have  studied  the  effects  of  electrization  ( 
epine  on  the  elimination  of  urine. 

Their  conclusions,  derived  from  more  than  250  analyses,  1 
the  urine  of  rabbits  and  of  iheniselves,  are  these  : — 

I.  Interrupted  currents  diminish  the  quantity  of  urine  and  of  a 

a.  Centrifugal  galvanic  currents  increase  the  quantity  of  llie  ' 
and  diminish  that  of  the  urea. 

3.  That  continuous  centripetal  currents  increase  the  quantity  di\ 
without  increasing  the  quantity  of  urine. 

On  the  urinary  secretion  the  effect  of  electrization  can  be 
strated  in  pathological  cases  without  difficulty.  In  cases  of  diab«W^ 
insipidus  and  mellitus,  local  and  general  treatment  may  cause  great  «■ 
niinution  in  the  discharge,  while  in  dropsy  and  in  rheumatism  wc  h»»^ 
known  the  kidneys  to  be  stimulated  as  much  as  by  jwwerful  diureticSiJ 

On  the  average  man  in  health  there  is  considerable  difficulty  in  dd 
mating  a  moderate  increase  of  the  urinar}'  secretion  under  clcctlill 
tion,  for  the  sufficiently  apparent  reason  that  the  quantity  of  \ 
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have  seen  individuals  -whom  a  few  minutes  of  general  faradization 
feeble  currents  brought  out  large  drops  of  sweat  on  the  forehead, 
made  the  hands  as  moist  as  though  they  had  been  dli>pe<l  in  waicr. 

On  Absorption. — 'I'he  action  of  electricity  on  the  absorbents  is  btt 
studied  in  pathological   cases,   such  as  hypertrophies,   effusions, 
morbid  growths. 

In  thickening  of  the  skin  that  appears  in  some  cutaneous  affection 
in  corneal  opacities,  in  enlarged  jointSi  in  pleuritic  effusions,  in  hydro* 
cele,  in  dropsy  of  various  parts,  in  passive  oedema,  and  in  enlarged 
glands,  in  tumors  of  nearly  every  variety,  can  be  demonstrated  the  powei' 
of  electricity  to  i)roduce  absorption.  Reasoning  backward  from  path* 
logy  to  i^hysiology,  we  justly  infer  that  the  same  effect  takes  place,  more 
or  less,  in  all  applications  of  electricity  to  the  body,  but  that  the  dcgrrt 
of  it  is  modified  by  the  condition  of  the  part  to  which  the  applicjUiflB 
is  made.  The  effect  on  secretion  is  apparent  at  once  to  the  eye  or  tbt 
sensation  ;  the  effect  of  absorption  is  apparent  only  to  the  eye,  lad 
then  only  when  there  is  a  visible  excess  of  fluid  or  solid  in  the  part  10 
whidi  the  application  is  made.  This  part  of  our  subject  will  be  pnfr 
tically  illustrated  in  various  chapters  both  in  Medical  and  Surgicd 
Electricity. 

Effects  of  Electricity  produced  by  Reflex  as  wetl  as  by  Direct  AdtM. 
—The  reflex  effects  of  electricity  seem  not  to  have  been  fully  rv  ' 

by  electro-therapeutists.    There  is  considerable  difficulty  in  ast' 
the  precise  reflex  effects  of  electricity  on  animals.     The  effects  as  WJ 
show  themselves  on  man  are  largely  sensory,  not  motor  ;  the  siimuUr 
tion  of  the  circulation  of  absorption  and  of  secretion  that  might  iM 
probably  does  take  place,  reflexly  as  well  as  directly,  is  too  niinutCW 
be  readily  observed.    We  are  justified  in  believing  that  electricity  »c<* 
in  absorption,  secretion,  and  exertion  by  reflex  as  well  as  by  direct  acti«V 
from  the  fact  that  in  irritable  constitutions  sensory  effects  on  tli 
tion  and  on  circulation,  of  a  marked  character,  are  produced  b) 
irritation-     Thus,  for  example,  when  the  hands  or  the  feet  arc  Invent 
by  strong  currents^  either  continuously  or  in  sudden  shocks,  pain  *>* 
disagreeable  sensations  may  be  fell  in  the  liands  and  feet,  of  the  oppo- 
site side,  or  in  the  back,  or  stomach,  or  side.     These  reflex  effects  a^ 
not  constant,  and  when  we  look  for  them  we  may  not  find  them.    TbeJ 
can  be  best  studied  in  persons  who  are  susceptible  to  electricity,  f^ 
whose  spinal  cords  are  weak  and  irritable.     In  some  pathological  caSC* 
also,  such  as  chronic  myelitis  of  the  anterior  column  (anterior  spin*- 
sclerosis),  the  reflex  action  of  electricity  is  illustrated  with  great  dil^ 
tinctne5&     Localized  faradization,  or  galvanization  of  the  lower  limfal 
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Iirough  those  parts  where  the  optic  nerves  originate,  and  also  I 
ss  through  the  labyrinth  and  act  directly  on  the  auditory  nerve.  J 
In  reference  to  the  reflex  effects  of  electricity  tliese  two  con 
tions  are  of  importance  : — 

1.  The  galvanic  currents  operate  much  more  powerfully  by  ! 
action  than  the  faradic.     The  partial  explanation  of  this  fact  whid 
offer  is  that  the  greater  chemical  power  of  the  galvanic  current,  i 
its  acting  always  in  one  direction,  causes  it  to  operate  more  di* 
on  the  nerves  than  the  faradic  current.    This  fact  of  the  superior  l 
capacity  of  the  galvanic  current  is  one  of  high  practical  import  I 
treatment  of  disease,  and  explains  in  part,  if  not  entirely,  the  dang 
or  at  least  unpleasant,  effects  that  sometimes  follow  careless  orig 
galvanization  in  cerebral  hemorrhages  and  other  irritable  conditio 
tlie  central  nervous  system. 

Althaus  has  recorded  a  case  of  aniesthesia  of  the  fifth  pair  of  ( 
nerves  of  a  most  profound  character,  in  which  there  wus  a  con 
absence  of  cerebral  symptoms — dizziness,  flashes  of  light,  anJ  galVI 
taste — whenever  a  galvanic  current  of  twenty  cells  was  ap[>Iicd  1*1 
face.     A  current  from  thirty  cells,  which  on  a  person  in  hcahhi 
cause  powerful  flashes,  a  hissing  sound  in  the  ears,  feeling  of  heal, 
perhaps  [)ers[>iration,  caused  in  this  patient  only  a  slight  sensatif 
giddiness  and  metallic  taste  and  phos[)horic  odor. 

This  remarkable  case  is  a  strong  argument  in  favor  of  the  opbl 
that  the  results  of  electrization  of  the  head  and  the  results  of  cx0 
ments  like  those  of  Ivrb  are  due  in  part,  if  not  entirely,  to  reflex  ; 

It  is  possible  that  in  the  above  case  the  portion  of  the  brain  ' 
the  optic  nerve  originates  was  also  diseased  so  as  to  render  it  i 
to  electric  excitation. 

2.  These  rctlex  effects  occur  in  all  the  applications  of  decc 
either  form,  and  complicate  the  direct  effects.  The  physiological] 
therapeutical  effects  o(  electrization  of  the  brain,  the  eye,  the  ea 
cervical  symj>aihetic,  the  spine,  the  trunk,  and  the  periphery,  ti 
where  are  a  complex  resultant  of  both  direct  and  reflex  electrical 
tion.  Localized  electrization,  strictly  speaking,  is  an  impossibility,  bc^ 
ever  closely  together  the  electrodes  may  be  placed,  and  however  (^ 
tant  from  the  great  nerve  tracts  and  nerve  centres  the  spinal  ctird  m«^ 
take  cognizance  of  the  impression  m.idc  by  the  current  on  the  sen 
nerves,  anil  other  parts  and  organs  must  share  in  the  effects,  fa 
ter  or  for  worse.  It  is  for  this  reason  that  caution  is  requisite  ev 
fwadizutg  the  [laralyzed  muscles  in  recent  hemiplegias  ajid  in  activ 
elitit. 
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►  very  remarkable  results  that  follow  general  firaduation — a 
i  to  be  subsequently  described — are  to  be  accounted  for  in  part 
ex  actions,  which  are  continually  taking  place  during  all  stages  of 
;>Ucation. 

tuai  Appluailan  of  these  Physiological  Principles  to  Electro^ 
lutics, — With  the  above  facts  and  reasonings  before  us  we  are 
to  intelligently  appreciate  tlie  effect  of  electricity  on  nutrition. 
not  profcsi  to  have  exhausted  the  rationale  of  the  complex  action 
icily  on  the  tissues,  but  to  have  indicated  the  leading  ]jnnciplc8 
iftue  of  which  it  affects  tlie  nutrition  of  the  animal  body.  Many  dis- 
1  may  yet  be  in  store  for  us  in  this  department ;  it  may  e  shown 
Dne  is  generated  in  the  tissues  with  e\try  passage  of  the  current, 
;  this  ozone  is  taken  into  the  circulation ;  the  subtle  and  intri- 
emislry  of  electrolysis  of  living  tissues  in  their  secondary  and 
,  as  well  as  their  primary  changes,  may  be  unfolded  to  the  vision 
future,  and  what  we  now  see  in  a  glass  darkly  posterity  may 
face  to  face ;  but  sufficient  is  known  to  explain  in  a  most  in- 
^ing  way  the  unrivalled  effect  of  electricity  on  the  nutrition. 

objection  sometimes  brought  ajjainst  electricity  is  that  we  do  not 
ind  its  action  ;  and  yet  in  Uie  whole  round  of  stimulating  tojiics 
but  few  whose  action  can  be  so  well  explained  as  that 
icity.  Who  knows  how  arsenic  feeds  tlic  nervous  system  or 
jnine  breaks  an  attack  of  chills  and  fever  ?  Why  does  oxide  of 
with  magic  force  in  chronic  alcoholism  ?  How  does  opium 
me  sleep  and  relieve  pain;  and  who  has  entered  into  the  niyste- 
of  anieslhesia  ? 

tiimal  nutrition  is  a  process  of  enormous  complications,  There  is 
jle  chemical  change  at  which  one  can  point  and  declare  that 
plains  the  growth  and  sustenance  of  tlie  body  ;  but  there  are 
an<l  numberless  jjhenomcna  every  moment  going  on  in  the 
issues,  and  as  a  result  of  all  these,  in  their  infinite  play  and  com- 
tion,  the  body  lives,  moves,  and  has  its  being.  Electricity  in  pass- 
ihrough  the  body  modifies  many  or  all  of  these  processes,  and  thus 
ifies  nutrition.  As  a  resultant  of  the  complex  physical,  chemical, 
physiological  action  of  electricity  on  the  tissues,  there  is  increased 
nf  and  growth- 

fntal  and  Clinical  Proofs  of  the  Effect  of  Electricity  on  Nutri- 
— ^We  have  studied  the  effect  of  electricity  in  great  detail  on  animals 
on  man.  On  animals  our  experiments  have  been  contined  to  the 
:ts  of  general  faradization  ;  on  n\M\  we  have  studied  tl»e  effects  of 
,  localixed  and  general  treatment. 
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Of  a  litter  of  four  puppies,  Dr.  Beard  submitted  two  to  gencrall 
dizalion  every  other  day,  for  eight  minutes  each,  and  two  were 
treated,  all  having  an  ecjual  chance  at  their  mother's  breast  and  no 
besides.     All  the  puppies  were  carefully  weighed  at  the  beginning! 
at  the  end  of  the  treatment,  which  lasted  for  four  weeks.     It  was  I 
that  both  of  the  pups  that  had  been  electrized  weighed  more 
puppies  that  had  not  been  electrized  ;  all  had,  of  course,  incrca 
weight,  but  of  those  electrized  one  had  increased y<7//r  ounces ! 
other  ten  ounces  more  than  his  fellows  that  had  not  been  clecO 
The  difference  of  size  in  favor  of  the  puppies  that  were  electiiecdl 
so  marked  and  so  easy  to  see,  ihat  without  great  difficulty  one  who! 
never  seen  them  succeeded  in  picking  out,  from  ocular  inspcctioili  j 
those  that  had  been  treated,  and  that  too  in  the  evening,  and  in  \  1 
gas-light     It  was  observed  during  the  treatment  that  the  puppies  \ 
were  electrized  became  ravenous,  and  sucked  with  greater  energy  ( 
their  less-favored  companions. 

The  method  of  treating  the  pups,  we  may  remark,  was  to  put  I 
on  a  sheet  of  co)jper,  while  the  hand   of  the  operator  or  a 
electrode  was  rubbed  all  over  the  surface  of  the  body,  previously  i 
ened. 

The  details  of  the  experiments,  prepared  by  our  assistant,  Df.  J*j 
Sterling,  who  made  the  applications,  are  as  follows  • 

July  I,  1871. — Weight  of  4  pups,  lo  days  old  r 

2  black  pups  (weiglit  each) i  lb.  6  oz. 

2  yflU>w  pups,  weight  of  one. . , i  lb.  3+  or.  ;  other,  t  lb.  a|  < 

July,  I,  1S71. — CoTomenced  geaeral  faradization,  each  application  about 8 1 
Applied  It  to  oae  of  tbe  black  pups,  weight  1  lb.  6  oz.,  and  the  lightest  of  I 
low  pups,  weight  i  lb.  z\  oz. 

CofUiuued  the  applications  four  weeks,  making  three  each  week. 
July  aS,  1871.— Wcigticd  the  pups  after  twelve  applications. 

t  black  pup  (general  faradiralion) 3  Ite^     7  oc^ 

1  black  pup  (no  faradization) a    *'     13    *' 

I  yellow  pup  (general  faradization) 3    "      o    '* 

I  yellow  pup  (no  faradization) 2    "    jj    •* 

I 
Making  a  dear  gain  for  the  eltctriud  pup  (black)  of  10  ot,  for  the  yellow  decuM 
pup,  4  oz.  JH 

This  we  believe,  was  the  first  comparative  experiment  of  this  kW 
made  with  the  faradic  current.     Subsequently,  Dr.  Beard  repeated 
experiment  on  a  litter  of  three  rabbits.    Two  were  faradized  every  ol] 
day ;  to  the  other  no  treatment  was  given.     At  the  end  of  six  ' 
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treated  wus  visibly  larger  ihan  cither  of  those  that  were  treated- 
ilained  this  unexpected  result  by  the  theory  that  the  current  had 
used  too  strong  and  too  long  for  the  young  and  delicate  animals. 
t  exjieriment  was  carried  on  while  we  were  in  the  country,  and  the 
■ils  were  intrusted  to  those  who  were  utterly  incompetent  for  their 
1«8.  The  directions  given  were  to  ])ul  the  feet  of  the  rabbits  in  a 
\Ti  of  tepid  water,  and  after  well  moistening  the  back  of  the  neck  to 
the  current  tl»ro«gh  for  ten  minutes;  on  account  of  the  non  con- 
%'ity  of  the  dry  hair  of  the  rabbit,  general  faradization  was  almost 
ible. 

egros  and  Oninius  electiized  with  the  galvanic  current  some  pup- 
for  a  quarter  of  an  hour  every  day,  by  placing  one  of  the  fore-paws 
one  of  the  hinder  paws  in  tepid  water  connected  with  the  elec- 
s.  At  the  end  of  six  weeks  those  that  had  been  eleclriied  weighed 
than  the  same  lot  that  had  not  been  electrized  ;  and  this  dit^'cr- 
was  perceptible  to  simple  ins])ection  ;  one  was  galvanized  with  the 
iding,  and  the  other  with  the  descending  current. 

cflfect  of  faradization  on  nutrition  is  powerfully  illustrated  by 

tperience  of  those  who  habitually  or  frequently  apply  general  fara- 

through  their  own  persons,  taking  an  electrode  in  one  hand, 

plying  the  other  to  the  body  of  the  patient.     In  this  method  the 

t  passes  through  both  arms,  and  vigorously  contracts  the  muscles. 

LC  permanent  effects  of  the  current  on  the  person  of  the  operator 

To  cause  very  marked  and  sometimes  rapid  growth  of  the  muscles 
arms. 
le  explanation  of  this  phenomenon  is  sufficiently  easy.  The  mus- 
contractions  that  are  produced  by  the  current  in  its  passage 
igh  the  arras  cause  increase  of  the  local  processes  of  waste  and 
ir,  and  accordingly  the  muscles  increase  in  size,  just  as  they  natu- 
do  under  the  influence  of  any  other  form  of  active  or  passive  exer 
?.  This  mechanical  explanation  would  be  of  itself  sufficient,  but,  in 
ition,  it  is  entirely  probable  that  the  electric  current  exercises  a 
ct  and  specific  influence  on  the  nerve-branches,  which  effect  is  ex 
by  the  increased  size  and  vigor  of  the  muscles  through  which 
nerves  ramify. 

^3r.  Rockwell,  during  his  first  experimental  attempts  in  the  Ireatmenl 
disease  by  general  electrization,  observed  a  decided  increase  in  the 
clopment  of  the  muscles  of  the  arm.  It  began  to  force  itself  on  his 
smion  a  few  weeks  after  he  commenced  to  give  special  attention  to 
^ral  electrization,  and  at  the  present  time  it  is  fully  as  marked  as 
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ever.     Both  arms  of  each  one  of  us  have  not  only  increased  i 
size  by  actual  measurement,  but  also  correspondingly  in 
hardness.     This  effect  is  obsei-ved  in  the  arm  and  forearm,  buti 
decidedly  in  the  muscles  which,  from  their  position  or  nen'c  iii^ 
contract  most  readily  and  vigorously  when  the  current  passes  1 
hand  to  hand,  such  as  the  deltoid,  brachialis  amicus,  bicejw, . 
flexors  and  extensors  of  the  forearm.    This  same  effect  has  beeo  do 
to  a  greater  or  less  degree,  by  our  students,  and,  so  far  as  wf  [ 
been  able  to  ascertain,  by  others,  who  have  employed  electricirj"  li 
their  own  persons  for  any  considerable  period.  This  developrocnl  c 
arms  seems  to  progress  up  to  a  certain  limit,  at  which  it  reniaiitt 

2.  A  very  gradual  but  decided  ionic  injluence  on  the  systm. 

This  effect  is  so  exceedingly  slight,  that  in  a  very  hardy  and  t 
person  it  would  not  be  recognized.  That  the  current,  in  poising  I 
hand  to  hand,  so  frequently  and  so  long,  should,  in  the  course  of « 
mildly  affect  the  general  system,  is  entirely  probable.  Like  tmt 
muscular  exercise  of  the  arms — gymnastics  and  the  use  of  thcJ 
its  influence,  so  far  as  it  goes,  must  be  positively  touiug  and 
to  the  constitution. 

Still  further,  there  is  no  doubt  that  even  the  faradic  current,  i 
diflfused  and  weakened  as  it  must  be  when  it  reaches  the  neck^ 
shoulders,  nffects  iiii  a  very  gentle  manner,  and  to  a  limited  cictctitJ 
portion  of  the  sympathethic  and  central  nervous  s^'stem  through ' 
it  must  pass. 

On  infants  we  have  used  the  same  treatment  that  appeared  to  ^ 
successful  on  the  puppies,  and  with  satisfactory  results.    An  opport 
for  a  comparison  of  the  nutrition  of  faradized  and  non-faradiied  id 
has  never  been  presented  to  us,  and  on  account  of  the  rarity  oft 
and  twins,  we  fear  that  it  would  be  difficult  to  find  such  an  opuori 
But  infants  who  are  in  a  condition  more  or  less  pathological, 
''Icbilitatcd  and  marasmic,  appreciate  the  tonic  effects  of  gencrtll 
dization  so  markedly  as  to  nurse  with  greater  liveliness  and ' 
grow  apparently  with  greater  rapidity  than  when  electricity  is  not! 

The  practical  application  of  these  physiological  truths  will  apix 
the  section  on  Electro-Therapeutics,  and  especially  ia  the  use  of  j 
fa»adi2ation,  and  in  diseases  of  children. 
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Baxt  have  estimated  that  m  the  hjman  subject  the  rate  of  ihf 
force,  in  motor  nerves,  is  £ni€  hundred  and  eleven  fitt per  stiM. 

Hirsh  anc'i  Schelske  have  shown  that  the  rate  of  condiiciiou  ii 
nerves  is  ahiiost  tJie  same  as  in  motor  nerves — thai  is,  not  far 
hundred  feet  per  second;  and  for  the  present  we  must  accept 
an  approximately  correct  estimate  of  the  rapidity  of  oer\'Oos  con( 
in  motor  and  sensory  nerves  in  the  human  subject. 

Further  than  this,  endeavors  have  been  made  by  Helniln  ' 
Donders, and  others,  to  ascertain  the  time  required  for  the ixr 
to  generate  the  operations  within  the  brain  and  spinal  cord ; 
n>ates  that  have  been  made  in   this  direction  are  merely  appro] 
and  may  be  radically  revised  by  future  invesiigators.     Dondci 
tained,  by  experiments  on  himself,  tliat  the  act  of  volition 
^  of  a  second,  and  the  act  of  receiving  and  appreciating  any  distiotfi 
pression  about  ^  of  a  second.    The  general  estimate  is  that  in  the 
acts  of  the  spinal  cord  the  conduction  is  twelve  times  slcwtr 
the  transmission  of  impressions  through  the  nerves,     it  hasalw 
estimated  that  the  brain  is  about  ^  of  a  second  in  distingutjihinj 
signalling  the  difference  between  two  colors,  and  about  the  same 
distinguishing  between  the  two  vowels  as  they  are  uttered.  As  coi 
with  light  and  electricity,  nervous  force  is  exceedingly  slow. 

It  has  been  ascertained,  furthermore,  that  the  velocity  oi  m; 
contraction  is  about  -^^  that  of  nervous  force  in  the  nerves. 

The  velocity  of  nerve  transmission  is  considerably  modified  by 
ature.     Observations  made  in  the  summer  give  different  rcsiilfi 
observations  made  in  the  winter,  and  s];ow  very  clearly  that  hight 
pcrature  accelerates,  and  low  temperature  retards,  the  velocity  of 
nervous  force.     By  the  observations  of  Helmholtz  the  teinperaniit 
the  frog  has  a  very  great  influence  over  the  rapidity  with  which  ni 
force  is  tran*^milted.    At  32*'  it  moves  not  more  than  -j^  as  rajridljr 
a  temperature  of  60"  or  jo*'. 

It  has  also  been  establislied  that  different  parts  of  tlie  UTjnk< 
nerve  conduct  with  different  degrees  of  rai)idity. 

It  has  also  been  noticed  by   Marey   that  the  rate   of  Iran; 
is  somewhat  reduced  by  fatigue  of  the  muscles. 

The  velocity  of  the  nervous  force  is  still  further  lessoned  by 
action  of  the  curare  poison,  or  by  disease, — such,  for  example,  as 
tenor  spinal  sclerosis. 

This  argument  from  the  greater  speed  of  electricity  is  to  be  qtUiS 
by  the  coDsidcratiou  that  the  velocity  is  not  absolute,  but  relative, 


?  C&rretaiion  of  the  Physical  and  VlU 
Iricity  and  magnetism  to  life  may  perhaps  be  explained  by 
)f  the  Correlation  and  Conservation  of  Forces.  May  not 
intain  a  number  of  distinct  forces — electricitj',  magnetism, 
HjJTvous  force,  or  life?  If  light,  and  heat,  and  motion,  and 
Btnutually  convertible,  may  not  the  nervous  force  also  be 
Hth  electricity  and  magnetism?  It  is  certainly  probable 
rapeutic  results  of  electrization  are  partly  due  to  the  increase 
^force  by  the  molecular  changes  produced  by  the  action  of 
^kthe  tissues. 

Hr/riVy  in  the  Body, — The  subject  of  free  electricity  in  the 
L  various  times  attracted  the  attention  of  observers.     Hera- 

tjardini,  in  1793,  made  a  large  number  of  experiments 
ascertain  the  general  electrical  condition  of  the  human 
jir  conclusions  were  that  there  is  electricity  in  the  body, 
positive,  sometimes  negative — that  it  was  variously  modified 
06  of  health  and  disease.  In  2,422  trials  on  hiuiself,  Hem- 
a  positive  charge  1,252  times,  a  negative  771  times,  and 
399  times.  He  concluded  that  the  natural  electricity  of  the 
ositivc  ;  that  this  was  modified  by  physical  or  mental  exer- 
ten,  in  1800,  Ahrens  and  Pfaff,  in  1812,  and  Nasse,  in  1834, 
1  the  same  subject,  and  concluded  that  free  electricity  was 
fest  in  the  enthusiastic  and  excitable  than  the  cold  and 
,  that  it  was  greatest  in  the  evening,  that  it  was  increased 
Its,  and  diminished  by  cold.  Ahrens  and  Pfaff  stated  that 
ity  of  the  body  disappeared  during  attacks  of  rheumatism, 
ared  on  recovery.    Nasse  found  positive  electricity  in  every 
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[jetism  is  not  demonstrated  by  any  known  fads.     The  cxce 
mysterious  and  suggestive  character  of  the  phenomena,  which  i 
to  be  connected  with  some  unknown  force  in  the  body,  has  in 
spirit  o(  inquiry,  which,  in  lieu  of  positive  knowledge,  has  been  ( 
to  content  itself  with  speculations.     The  most  noteworthy  ' 
this  subject  is  that  of  Reichenbach,*  in  which  the  author  accoufl 
the  strange  phenomena  attributed  to  animal  magnetism  by  the4 
ence  o(  odylUc  (all-penetrating)  force^  which  he  claims  to  havcl 
discovered. 

The  excitement  produced  on  the  first  publication  of  the  work  I 
now  died  away,  and  the  science  is  now  waiting  for  more  accurate! 
vcstigations   to  provide  suitable  data   before  attempting  any  fui 
speculations  on  this  dark  and  difficult  question. 

Electricity  in  Plants  and  Fruits. — Electrical    currents    have  Uco 
found  in  pears,  api>les,  peaches,  and  plums.     It  has  been  asccrtuiucd 
by  Donne  and  Du  Bois-Reymond  that  in  apples  and  pears  the  < 
flow  from  the  peduncle  to  die  bud,  but  in  fruits  with  stones,  as  | 
*4>ricolji,  and  plums,  from  the  bud  to  the  peduncle.     When  the  ; 

Vd  in  a  line  at  nght  angles  with  the  long  axis,  and  tlie  juH 
;  ,^.:.  o.'cd  out  of  the  two  halves  in  vessels  connected  with  a  galvano 
tw,  then,  on  completing  the  circuit,  the  current  is  observed. 

It  i*  claimed  that  the  roots  and  all  parts  of  the  interior  of  pU 
(Ucd  with  sap  are  negative,  while  the  humid  or  moistened  interior  ( 
^  green  twigs,  leaves,  flowers,  and  fruit,  are  positive.     £xperif) 
IfUQMtly  made  show  that  in  lemons,  turnips,  gooseberries,  and 
tidl  in  r:»w  potatoes^  the  current  is  from  the  centre  to  the  skin. 

■  >     Ihirdon-Sanderson  has  recently  made   experiments  on   pla 
«      ••  vr-ztncd  to  show  that  they  possess  definite  currents  of  electric 

\  .alidity  and  value  of  all  these  experiments  in  animal  and  vc 
a  icity  much  doubt  is  thrown  by  the  researches  of  Trowbrid 
>  rtcorded. 

\ctricityon  the  Growth  of  Plants. — The  influence  of  eh 
growth  of  plants  has  recently  been  studied  by  Mr.  H- 
of  Norwich,  England.     On  a  plate  of  glass  three  toe 
^«V^  Mrips  of  sheet-tin  are  laid,  so  as  to  ahnost  touch  in  1 
s^  thU  glfts^  ^>^(^  o^cr  t^c  tin  strips,  is  spread  a  piece  of  ( 
^  fttin  water.     On  its  dampened  surface,  cress-seeds 
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ELECTRICITY  OF  PLANTS.  2U 

dy  strewed.  The  tin  plates  are  connected  with  the  poles  of  a  weak 
inic  battery ;  the  result  is  that  one  half  of  the  felt  is  charged  with 
nve  and  the  other  half  with  negative  electricity.  At  the  side  of 
plate  is  a  second  plate,  which  has  connection  with  the  battery,  and 
1  which  the  seeds  grow,  subjected  to  no  artificial  conditions.  After 
days  the  seeds  on  the  opposite  side  of  the  first  piece  of  felting  gave 
B  of  germination,  and  the  hulls  were  shrivelling  up  and  becoming 
k.  On  the  negative  side  of  the  felting  the  seeds  were  swollen,  and 
hulls,  which  retained  their  natural  color,  were  beginning  to  burst. 
he  end  of  six  days  the  first  shoots  made  their  appearance.  Several 
.  later  the  first  shoots  appeared  upon  the  second  plate.  A  strange 
.t  of  this  trial  was,  thit  while  on  the  negative  pole,  where  there  was 
y  sign  of  stronger  development,  the  root-sprout  sank  downward  into 
moist  felting,  the  roots  from  the  positive  side  rose  upward  firom  the 
kened  and  dried-up  seeds. 
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CHAPTER  I, 


HISTORY  OF  ELECTRO-THERAPEUTICS. 

Electro-Therapeutics  is  the  science  that  treats  of  the  study  of 
city  in  its  relation  to  disease. 

It  includes  both  Electro-Medicine  and  Electro-Surgery,  or 
are  itiore  commonly  termed,  Medical  and  Surgical  Electricity. 
Medical  Ekclricity  axe  mcXyx^Gd  Elcctro-Diagnosisy  or  Electro-Pai 
as  it  is  sometimes  termed,  and  Electro-Therapeutical  Anatomy. 

The  earliest  history  of  electro-therapeutics,  as  of  many  other 
meats  of  medicine,  is  shrouded  in  obscurity.  It  dates  back  to  a 
cal  and  legendary  age,  before  mankind  had  been  trained  to  ha 
scientific  criticism,  while  yet  history  was  a  mass  of  traditions,  and 
was  a  substitute  for  truth. 

It  is  said  that  centuries  ago  the  negresses  of  West  Africa  were 
toined  to  dip  their  sick  children  in  water  where  lay  the  electric  fish 
the  torpedo.  The  remedial  powers  of  electricity  were  also  referrei 
Pliny  and  Dioscorides.  Scribonius  Largus,  a  physician  of  the 
Tiberius,  was  accustomed  to  prescribe  the  same  remedy  in  tii< 
mentofgout.  As  long  ago  as  the  days  of  Pliny,  necklaces  of 
were  worn  by  women  and  cliildren  for  the  sake  of  tlicir  supposed 
dial  powers. 

The  mysterious  power  of  the  magnet  was  known  to  the  ancient' 
but  we  have  no  reason  to  believe  that  it  was  ever  extensively  re 
to  by  them  for  the  cure  of  disease.  In  Europe,  during  the  iniddlf 
the  loadstone  was  used  in  the  treatment  of  disease,  and  althoi 
iuccesses were  trilling  it  aroused  the  professional  attention  and  r^ 
extravagant  praise  from  the  distinguished  Paracelsus.  About  th 
die  of  the  eighteenth  century,  Maximilian  Hehl,  of  Vienna,  and  < 
excited  a  new  and  more  successful  interest  in  the  use  of  magnel 
disease  by  the  manufacture  and  employment  of  artificial  magnets 

The  real  history  of  electrotherapeutics  may  be  divided  into 
eras :  the  Era  of  FranUinic  Electricity,  including  the  early  and 
experiments  with  the  frictional  machines  and  the  Leyden  jar  ;  t]| 
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ERA  OF   FRANKLINIZAFION, 


of  the  right  arm,  resulting  from  injury,  by  electric  sparks-     The 
was  brought  about  in  two  or  three  months,  and  may  perhaps 
garded  as  the  first  decided  and  unquestioned  result  of  the  kind  ll) 
obtained  in  the  early  days  of  electro- therapeutics. 

1750  Nebel  showed  that  contraction  of  the  muscular  tissue  wis; 
duced  by  electrization. 

Bohadtch,  of  Bohemia,  also  recommended  electricity, 
the  treatment  of  hemiplegia. 

In  1753  Lindhult,  a  Swedish  physician,  reported  a  cure  of 
by  electricity. 

In  1754  Sulzer  made  his  famous  experiment  on  the  tongue  with: 
and  copper  jjlates.     (See  Electro-Physiolog)).     He  did  not,  h< 
pursue  his  experiments,  and  it  was  reserved  for  Galvani  and  Vol 
discover  galvanism. 

In  1755  De  Haen  reported  a  large  number  of  electrical 
paralysis,  spasmodic  ajid  other  ner\'Ous  aflfeciions,  and  also  of  soj 
sion  of  the  menses,  and  St.  Guy's  dance.      About  this   lime, 
Schaeffer  and  Nebel  published  cures  of  rheumatism,  toothache, 
chondria,  paralysis  of  the  optic  nerve,  and  of  intermittent  fcvcf 
neuralgic  pains.     Between  1750  and  1757,  cures  of  paralysis  wrte! 
ported  by  Brjdone,  Bertholon,  Sauvages  of  Montpelier,  and  SprjTt' 
latter  of  whom  cured  a  case  of  lockjaw  and  paralysis. 

The  position  that  electro-therapeutics  held  at  that  time,  8od 
hopes  that  were  entertained  of  it,  is  ver>'  well  represented  in  a 
treatise  by  the  eminent  divine,  Rev,  John  Wesley,  entitled,  The 
eratum  ;  or.  Electricity  Made  Plain  and  Useful,  by  a  Lover  of  Afa 
and  of  Common  Sense.     \  759.* 

In  this  treatise  the  author  anticipates,  in  a  sort  of  theoretical 
ver)  much  that  has  since  been  demonstrated,  both  in  electro-physics  1 
electrotherapeutics,  and  with  surprising  accuracy.  In  the  preface' 
acknowledges  his  indebtedness  "  to  Mr.  Franklin  for  the  syeculati'fC 
part,  and  to  Mr.  Lovett  for  the  practical."  He  also  mentions  as  authofr 
ties,  Dr.  Haadley,  Mr.  Wilson,  Watson,  Freke,  Martin,  Watkins,  W^ 
the  Monthly  Mai^asine,  whence  we  may  conclude  that  even  at  thit 
early  day  the  subject  was  exciting  much  interest,  but  more  among  ih* 
laity  than  in  the  profession. 

From  the  tone  of  the  book  it  is  clear  that  die  Faculty,  as  Wc^ 
calls   the   profession^  were  disposed    to    despise    clectro-therapctttifl 

*  This  treatise  hai  been  recently  repobllsbed  by  BoiUiire,  Tladall  &  Cox.    Looitf^ 
S871. 
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its  claims,  as  they  have  been  ever  since,  until  within  a  few 
msequently  they  suffered  what  was  realJy  valuable  in  inedi- 
inopoliied  by  the  laity. 

pf  Mr.  Wcdcy,  as  the  world  knows,  was  of  the  practical 
lis  treatise  he  does  not  suffer  himself  to  be  carried  away 
fperbole  or  serious  untruth.  He  expressly  disclaims  any 
ding  electricity  as  a  panacea,  but  says  what  we  now  know 

t  it  is  indicated  in  a  wide  range  of  disorders  ;  but  that  if 

should  ever  become  a  panacea,  electricit)-  stood  the  best 
ing  that  agent. 

gnorant  of  Franklin's  invention  of  lightning-rods,  in  1775, 
lat  bu  ildings  and  ships  might  be  saved  from  the  effects  of 

upright  rods  of  iron,  made  sharp  as  needles  and  gilded  to 
Ig,"  and  connected  with  the  earth.      He  further  suggests, 

m  lights  are  of  electrical  origin. 

following  h'st  of  diseases  in  which  electricity  is  of  service, 

of  illustrative  cases,  most  of  which  are  very  imperfectly 
will  be  observed  that  most  of  these  diseases  are  still  treat- 
\  and  with  greater  or  less  success.  It  seeras  from  the  list 
itraent  of  diseases  of  the  skin  by  electricity  is  simply 
[ipt  to  effect  what  was  accomplished  with  success  more 
y  ago. 

nclusions  of  Wesley  and  his  contemporaries  were,  hovr- 
on  experiments  made  y,iih  franklinic  electricity.  The 
irait  fort}'-one  years  for  the  Voltaic  pile,  and  seventy-two 
iday  to  discover  induction. 

Anthonj-'s  Fire ;  Blindness,  even  from  a  Gutta  Serena ;  Blood  Extra- 
ocele;  Chlorosis;  Coldness  in  the  Feet ;  Consumption  ;  Contraction 
,  Deafness ;  Dropsy ;  Epilepsy  ;  Feet  violently  disordered  ; 
nalis;  Goat;  Gravel;  H  cad -ache ;  Hysterics;  Inflamma- 
iril ;  Knots  in  the  Flesh  ;  LAtneness  ;  Leprosy  ;  Mortification  ;  Pain 
the  Stomach;  Palpitations  of  the  Heart;  Palsy;  Pleurisy;  Rheu- 
;  Sciatica ;  Shingles ;  Sprain ;  Sore  Feet ;  Swellings  of  all 
Toe  hurt ;  Tooth-ache  ;  Wen. " 

son  cured  a  case  of  general  tetanus  in  a  young  girl  of 
.Although  the  fame  of  the  cures  wrought  by  electricity 

rds  of  invalids,  yet  by  the  ignorant  and  superstitious  it 
d  with  witchcraft,  and  the  aid  of  the  priest  was  invokeiJ 

from  its  baneful  influence.* 

fm  Medical  EUctridty^  Tktorttkist  and  Practieal  By  J.  AJthaus, 
384. 
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CRUDENESS  OF  THE   EARLY   EXPERIMENTS. 


Abbd  Sans  published  a  work  on  the  medical  use  of  elcctridr 
recorded  important  cures.      According   to  this  authority,   there 
seven  different  methods  of  employing  static  electricity — "an 
bath,  drawing  sparks,  by  irroration,  friction,  insufflation,  exhatistioiv^ 
commotion."     Injurious  and  negative  as  well  as  favorable  results! 
sometimes  reported.     Thus  Dr.  Hart  brought  on   paralysis  in  *  ] 
and  Abb6  Madras  excited  epilepsy  in  one  of  his  patients.     Bcujj 
Franklin  failed  to  cure  the  invalids  that  flocked  to  him  after  his  | 
discovery,  and  Abbe  NoUet,  after  many  years'  experience,  was  i 
pelled  to  admit  that  he  had  seen  but  little  permanent  benefit  f 
electricity. 

Symptoms  only  treated  in  these  early  Experiments. — In  these  ( 
and  many  of  the  later   experiments,  not  disease,    but   the  rcsalt8| 
disease,  were  both  studied  and  treated.     W'hen  electricity  was  applio 
was  to  the  symptoms  and  not  to  the  pathological  condition  ;  henoe.| 
enormous  blunders  and  frequent  failures  of  the  early  clectro-thc 
tists.     The  symptoms  most  treated,  and  in  the  treatment  of  which j 
greatest  hopes  were  entertained,  were  blindness,  deafness,  paraly 
motion,  symptoms  which  are  now  known  to  depend,  in  very  manf 
stances,  on  pathological  states,  which  are  in  their  ver)'  nature  as  inc 
as  death  itself.      Still  further,  the  apjjlications  were  made  to  the  s 
the  symptoms  exclusively,  instead  of  to  the  seat  of  the  disease,  andi 
mistake  helped  to  swell  the  number  of  the  failures. 

Physiology  and  pathology  had  not  yet  reached  that  degree  of  sli 
and  breadth  of  soreness  to  furnish  good  foundation  on  which  to 
the  science  of  electro-therapeutics,  and  withal  the  a|)pliances  for  \ 
rating  electricity  were  bulky  and  untrustworthy. 

Electrotherapeutics  was   therefore  bailed  in  its   first  atteroptfll 
growth,  through  lack  of  needful  support  from  allied  and  fiind 
sciences  ;  it  must  wait  for  physics,  for  physiolog)-,  for  pathology  tO< 
to  its  rescue,  which  in  due  time  they  have  clone  and  arc  now  doing. 

In  1773  and  1778  Maduyt  presented  memoirs  ♦  f  on  the  sul? 
in  which  he  affirmed  in  his  report  that  electricity  was  a  remedy  off 
and  varied  powers  ;  that  it  had  a  jjositive  and  very  beneficial  influ 
over  nutrition  ;  and  that  it  equalized  the  circulation,  materially  \ 
tlie  pulse,  the  perspiration,  and  the  secretions ;  and  was  sur 

•  Mem.  sor  les  effets  gencfraux,  la  nature  et  t'osoge  du  fluidc  rflcctrlque  ^ 
romme  mpdicamcnt.     Lu  en  dccembre,  1778,  i  la  Soci^ti  royalc  de  mcdccine. 

f  Mem.  sur  les  differentes  muni^rcs  d'administrer  rrfleclriciU>,  et  ol>servatio 
les  eJTets  que  ces  divers  moycns  oot  produha.     La  en  dccembre,  1783.  i^  U 
nt)'a1e  de  tnrdeciac. 
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ERA  OF  GALVANIZATION. 


In  1792,  Behrend,  Creve,  and  Klein  suggested  the  use  of  gal»| 
as  a  means  of   distinguishing  real  from  apparent  death.      Tbe'J 
attempts  to  make  galvanism  of  practical  service  in  the  treatme 
disease  were  made  by  Professor  Loder,  of  Jena.     The  resulls 
experiments  were  unsatisfactory. 

In    1793    Hufeland    and     Reil   advised   the   use   of  galv 
paralysis. 

In   1796   Pfafif  advised  the  same  remedy  for  amaiu-osis.     No 
these  authorities  spoke  from  much  personal  experience.* 

In    1797,   Alexander  von    Humboldt  f    suggested,    on 
grounds,  the  use  of  galvanism  in  paralysis,  rheumatic  pains,  and  | 
eases  of  the  eyes. 

Valli  actually  restored  to  life,  by  galvanism,  frogs  and  fowls 
been  nearly  suffocated.^ 

The  voltaic  pile,  invented  in  1800,  marked  an  era  in  the  medic 
of  the  galvanic  current,  because,  with  all  its  imperfections,  it  was  1 
superior,  for  therapeutic  purposes,  to  the  metallic  plates  that  hadj 
viously  been  employed  during  the  period  which  had  elapsed  sine 
discover}'  of  Galvani.  It  was  at  once  employed  by  I.oder,  in  Je 
Grapengiesser,§  Bischoff,  and  Lichtensteinij  in  Berlin,  and  by 
in  Paris,  chiefly  in  cases  of  paralysis. 

In  1 80 1,  Aiigustin,  of  Berlin,  published  a  treatise  on  galva 
which    he  reported  results  of  treatment  of  paralysis  by  applyin 
negative  pole  to  the  central  end  the  nerve,  and  the  jwsitivc 
peripheral.     Prof.  Scliwab  experimented  with  the  voltaic  pile  in  < 
deaf-rautelsm.     In  1802  Sigaud  de  la  Fond  published  a  work  in  1 
he  recommended  franklintc  electricity  for  nearly  every  form  of « 
In  1804,  Aldini,  a  pupil  of  Galvani,  published  a  treatise  on  galvH 
in  which  he  theoretically  recommended  it  for  deafness,  inaanit]f|J 
amaurosis,  and  also  to  produce  artiticial  respiration. [[ 

Even  during  this  era,  and  for  many  years  after  the  invention  ( 
voltaic  pile,  frankJinic  electricity  was  still  employed. 

In  1817  Dr.  Thomas  Brown,  of  Albany,  published  a  work  entitki 
"  TAf  Ethereal  Physician"  in  which  he  recommended  franklinic  dccfc*] 
city  for  paralysis,  tic-douloureux,  cpUep^,  chorea,  and  in  a  lai]ge 
of  disorders. 


•  Tripier,  op.  dt.,  p.  26^ 

f  Vctsuch  iibcr  die  gerctzte  Miiskel  and  Nervenfaser.     Berlin,  1797. 
X  Experience  sur  le  galvanistne,  tradttit  par  Jadelot.     Paris,  1799. 
g  Versucbe    den   Golvinifimas  air   Hetlung    einiger    Krankhciten 
Berlin,  tSoi,  I  Essal  thtforique  ct  experimental  sur  le  gilvaoisnie. 
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)r.  Everett,  of  New  York,  published  something  on  the  use 
y  in  medicine  that  was  based  on  experience  that  he  had  de- 
|k  apparatus  of  Dr.  Brown. 

f  all  these  endeavors  on  the  part  of  scientific  men  to  give 
ind  dignity  to  the  cause  of  electro-therapeutics,  it  failed  to 

vagant  expectations  that  had  been  formed  of  it ;  a  reaction 
it  fell  into  disrepute.  Electricity  had  been  tried  for  a 
of  diseases,  but  partly  on  account  of  the  inconstancy  of  the 
and  partly  through  the  ignorance  of  the  operators,  it  was 
&  most  uncertain  remedy.     It  was  confounded  with  mes- 

:h  at  this  period  came  into  notoriety,  and  for  a  time  it 
te. 

!/■  eariy  Experiments  made  by  the  Laity. — It  wiU  be  seen  by 
the  above-mentioned  names  that  the  earliest  experiments 
crapeutics  were  made  by  the  laity.  A  science  that  now 
omc  of  the  best  brains  of  civilixation  was  bom  among  the 

the  lowly.  It  was  cradled  in  ignorance  and  reared  and 
^ose  who,  however  eminent  in  other  walks,  knew  little  or 
iedicine.  Chembts,  physicists,  priests  and  paupers,  monks 
Winks,  were  in  the  eighteenth  century  the  leading  authorities 

apeutics.  If  there  were  those  at  this  time  who  had  faith 
Ig  of  a  better  day,  when  electro-therapeutics  should  be  a 
md  permanent  part  of  the  medical  science,  it  was  their  mis- 
ie  without  the  sight.  Not  until  the  close  of  the  eighteenth 
fe  the  great  discoveries  of  Galvani  and  Volta  revealed  to  the 

was  to  work  and  wait  for  at  least  half  a  century  before  it 
iven  the  beginning  of  the  fulfilment  of  its  hopes.     Some  of 

Knees,  like  some  of  the  great  religions,  have  had  the  huro- 

•ly  history  of  electro-physics,  WheweUl  •  thus  remarks : — 
period  a  large  and  popular  circle  of  spectators  and  ama- 
icmselves  nearly  upon  a  level  in  the  value  of  their  trials 
tions  with  the  more  profound  thinkers ;  at  a  later  period, 
tbject  Is  becoming  a  science,  that  is,  a  study  in  which  all 
far  behind  who  do  not  come  to  it  with  disciplined,  informed, 
minds,  the  cultivators  are  far  more  few,  and  the  share  of 
5  tumultuous  and  less  loud  Electricity,  to  be  now  studied 
i  be  reasoned  uix)n  mathematically. " 
fceweU  here  says  of  electro-physics  may  just  as  truly  be 
ctro-therapeutics, 
ofj  of  the  Inductive  Scieaces,  ad  ed,,  vol.  ii,  p.  200. 
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CHARACTER  OF  THE  EARLY  EXPERIMENTERS. 


In  the  earlier  experiments,  the  phflosopher  and  the  fool  were  | 
nearly  on  the  same  level  in  their  knowledge  of  the  applicaboncfl 
subtle  force  to  the  treatment  of  diseases,  with  this  advantage  oadicfi 
of  tlie  fool,  that  through  the  very  excess  of  his  ignorance  he  liwc^l 
ventured  where  the  philosopher  knew  just  enough  to  fear  to  tread 

It  was,  as  we  shall  see,  a  long  time  before  electro-therapeulicii 
be  gradually  developed  into  a  science  of  suflicient  positivcnesstofl 
mand  llie  attention  of  men  of  science  for  its  own  sake,  and  toexcdel 
despair  of  the  ignorant. 

Here,  as  in  all  other  reahns  of  investigation,  the  dcvelopractttisi 
simplicity  towards  complexity,  from  generals  to  specials,  andfroDC 
ihjt  are  common  to  all  classes,  to  truths  that  only  a  few  spedil 
thoroughly  master.     We  are  reminded  here  of  the  bcautifal  I 
of  Thoreau.     When  reproached  for  his  exclusiveness  and  love  of  s 
he  replied,  *'  It  is  not  so  much  that  I  love  to  be  alone,  as  that  lli 
soar,  and  the  higher  I  ascend,  the  company  grows  thiimer  aod  tl 
until  at  last  I  am  left  almost  alone," 

Strikingly  this  principle  has  been  illustrated  even  in  the  otoitii 
history  of  electro-therapeutics,  both  in  Europe  and  Amenca.  Alj 
now  occupied  by  some  of  the  ablest  scientists  of  Gerniaru .  En;!ifi4l 
France,  was  formerly  crowded  with  lawless  intruders. 

When  we   began   to  write   on  this  subject  in    1866,  aude'il 
quiries  at  once  set  in  upon  us,  from  all  parts  of  the  counti^. 
authors  of  these  letters,  with  some  few  exceptions,  we  have  nevfll 
but,  judging  from  the  style  of  composition  and  the  character^ 
quiries,  they  were  as  a  rule  comparatively  ignorant,  and 
the  lower  strata  of  the  profession.     Letters  that  we  receive 
cently  during  the  past  three  years,  evidently  come  from  nunyrfl 
best  men  in  the  profession.     As  the  science  develops,  brains  a^\ 
ture  are  attracted  to  it.     In  our  large  cities,  those  who  arc  sn 
subject  are  among  the  most  promising  names  in  science. 

In    1825,   Sarlandi^re  proposed    the   employment  of 
needles  in  galvanization,  so  that  the  current  could  be  more  i 
and  definitely  localiised  on  the  desired  nerve  or  organ.     This  I 
of  treatment  was  called  electro-puncture.*     He  used  for  this  ] 
franklinic  electricity.    Subsequently  Magendie  successfully  exp 
with  galvano-puncture  in  neuralgia,  paralysis,  and  other  nervoai| 
eases. 

The  discovery  of  electro -puncture  was  the  beginning  of  ibei 


•  M^m.  BUT  r^lcctro-puncture.     Paris,  18*5. 
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Even  as  early  as  1843  locaXiieA  faradisation  was  used  in  this  ( 
side  by  side  with  general  faradization,  though,  like  the  latter,  it  I 
ceived  no  distinct  nomenclature,  and  was  indiscriminately  rccon 
and  unscientifically  applied.*  The  two  methods,  localized  and  gc 
were  frequently  confounded,  and  both  were  known  under  the 
term,  "  electrifying,"  Duchenne's  earliest  attempt  to  call  the  at( 
of  the  profession  to  this  subject  is  thus  recorded  in  his  own  words] 

"  De  I'art  de  limiter  Texcitation  61ectrique  dans  les  organe«  I 
piquer  ni  inciser  la  peau,  nouvclle  m6thode  d' Electrisation  appelfc^ 
trisaiion  iocalisee,  et  donl  les  principes,  r4sum€s  dans  une  note  ; 
en  1847  &  r Academic  des  Sciences,  onl  et6  developpes  et  publics  ^ 
les  archives  gtnirales  de  Medicine  en  juillet  et  aout  1850,  el  fcv 
mars  185 1."     In  1855  he  published  his  chief  work,  "  De  rElecti 
Localis^e,  et  de  son  Application  A  la  Physiologic,  4  la  Pathologic,  k 
la  Thcrapeutique," 

This  work  became  known  to  the  profession  in  Germany  througil| 
abridged  translation  of  Dr.  Erdmann, 

The  leading  idt;a  of  the  method  of  localized  faradization  of] 
chenne  was,  that  the  current  can  be  localized  over  a  fixed  point  \ 
the  skin  if  well-moistened  conductors  are  strongly  pressed  upon  thii 

He  observed — what  is  perfectly  familiar  to  all  experiuieoters  in  1 
tro-therapeulics — that  when  dry  electrodes  are  applied  to  the  dry  1 
sparks  with  a  crackling  sound  are  produced,  but  no  sens;Uion 
muscular  contraction.     He  observed  that  when  the  electrodes  arej 
moistened,  contractions  are  excited  in  the  muscles,  with  the  j 
of  sensation. 

He  recommended  three  forms  of  electrodes — solid  metallic 
trodes,  metallic  brushes,  and  tlie  hand. 

On  these  observations  and  experiments  Duchenne  based  a  s 
electro-therapeutics  and  electro-diagnosis  which,  as  since  refine 
veloped,  and  modified  by  himself  and  by  numerous  other  labor 
various  countries,  has  now  grown  into  a  permanent  deparuoc 
science. 

Localized  faradization  was  appreciated  by  electro-therapeutists  1 
rapidly  tlian  some  of  the  other  methods  of  using  electricity,  as  eU 
lyzation,  general  faradization,  galvano-cautery,  and  central  i. 
non,  for  the  reason  that  it  is  the  easiest  learned  of  aU  the  mei. 

•  In  Pike's  Catalogue  of  Matliematical,  Optical,  and  PliUosophScal  Inslr 
1848,  there  is  a  cut  of  the  rxrodic  apparatus  that  had  been  in  ase  for  fivcyeuttl 
these  early  expenrnenters.  The  sante  wurk  also  contains  a  cut  iliastmliag  I' ' 
method  jf  localised  faradixation  of  the  leg. 
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gant,  but  that  both  of  ihein,  by  their  experiments  and  labors, ' 
positive  service  to  science,  and  made  the  way  «asicr  and  safer  i 
who  have  since  followed  them  in  the  depau'tment  of  localized  < 
tion. 

Reraak,  shortly  before  his  deaths  published  a  work  entitled 
cation  du  Courant  constant  au  Traitement  des  Nexrcscs^*  Paris,  zM 
which  coLtained  the  leading  ideas  of  his  system,  and  has  been  the  mesl 
of  stimulating  many  other  experimenters  in  this  difficult  dcpajimcot 

Remak  did  more  than  merely  introduce  the  galvanic  current  la  A 
profession — he  discovered  and  recommended  special  applicationt ^ 
the  current,  and  suggested  the  Iheorj'  of  its  catalytic  action.  HeU 
the  first  to  scientifically  investigate  localised  galvanization  of  the  ol 
vical  sympathetic,  of  the  brain  and  spinal  cord,  and  thereby  gre*! 
widened  the  sphere  of  electro-therapeutics.  Although  at  drjl  1 
theories  were  scouted^  and  his  statements  discredited,  yet 
death  they  have,  in  the  main,  been  strikingly  confirmed,  and 
regarded  as  accepted  facts  in  science. 

Even  during  this  last  era,  franklinic  electricity  has  been] 
means  laid  aside.  In  1847,  Dr.  Golding  Bird  publishe 
remarkable  results  obtained  in  the  treatment  of  amenor 
static  electricity,  in  Guy's  Hospital.  He  made  use  of  a  Lcyd 
jar.  Franklinic  electricity  has  been  successfully  used  by  Drs.  Gl 
and  Clement.  It  has,  fur  a  number  of  years,  been  succcssW 
emiiloyed  by  Dr.  Radcliflfe  and  others,  in  the  London  Hospital  for  ij 
Paralyijed  and  Epileptic.  Quite  recently  Prof.  Schwanda,  of  Vieail 
has  reported  suggestive  results  from  franklinic  electricity  generated] 
Holtz's  clectrophorus  machine.  Dr.  Arthius,  of  Paris,  has  neccntly| 
Lshed  a  work  on  the  subject ;  this  has  been  translated  by  Dr.  Let 
of  Chicago. 

Within  the  past  fifteen  years  localized  faradization  and  gaU'a 
has  been  developed  and  improved  in  France,  in  Germany,  in 
and    America,   by  a  number  of  abie  and   laborious  men  of 
Among  the  voluminous  authors  in  this  department  may  be  menlkj 
the  names  of  Meyer,*  Becquerel,f   Baierlacher.J   Althaus,§  'I'ripitfi 

•  Die  Eleclricitat  in  ihrer  Anwenduog  auf  praktische  Medicin.     Berlin,  1854'^ 
186S.     Translalcci  by  Dr.  Hammond. 

f  Trait6  des  applications  dc  I'elcctricitrf  &  la  TWrapculique.     Paris,  1857. 

%  Die  tnductions-Electricitat  ia  physiologisch-therapeutischer  Betiebuni;.    ))iij 
oerg,  1 85  7. 

g  Treatise  on  Medical  Electricity.     London,  1859.     Latest  edition,  1S7 
nuiism  in  Paralysis,  Neuralgia,  etc.,  1866. 

I  Manuel  d'Eleclrotbcrapie.     Paris,  i86t. 
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bled  upon  or  discovered-     In  the  history  of  therapeutics  it 
been  the  fortune  of  the  ignorant  and  the  lowly  to  hit  by 
some  great  fact  for  which  the  wisdom  of  the  ages  has  sought 
Says  Dr.  Stills,  *'  Nearly  every  medicine  has  become  a  popular 
before  being  adopted  or  even  tried  by  physiciaifs  ;  "*  and 
Pereira,  nux  vomica  is  one  of  the  few  remedies  the  discovery 
is  not  the  effect  of  mere  chance,  f 

Impartial  history  must,  we  think,  record  that,  before  Dud 
Remak  were  known  on  either  side  of  the  Atlantic,  before 
recent  clcctro-thcrapeutists  had  commenced  their  professional  lal 
studies,  there  were  in  this  land  not  a  few  empirics  who,  by 
of  general  or  localized  faradization,  or  both  combined,  or  by  rai 
various  and  inconsistent,  and  in  spite  of  their  own  ignorance  < 
were  achieving  successes  in  the  treatment  of  disease  which,  in 
features,  even  the  most  advanced  physicians  of  our  day  have 
surpassed.  If  they  did  not  belong  to  the  chosen  ranks  of  Che 
sion,  it  is  none  the  less  true  that  the  results  which  they  secui 
oftentimes  such  as  the  ablest  leaders  in  science  might  well 
If  their  methods  were  empirical,  their  empiricism  was  often  jastificdl) 
its  success.  If  their  nomenclature  was  imperfect  and  confuse^  i 
their  diagnosis  erroneous,  yet  their  confusion  and  errors  were  not  a 
tie  redeemed  by  the  skill  with  which  they  met  emergencies  when  Cb 
therapeutist  was  far  more  needed  than  the  pathologist  or  the  diagnoid 
cian.  T/tc  great  defect  of  these  empirics  was  not  in  their  results^ 
oftentimes  ivere  tritty  remarkable^  but  in  the  fact  thai  their  p 
ignorance^  and  especially  their  ignorance  of  medicine^  rendered  it  i 
sible  for  t/iem  to  discriminate  in  their  cases  or  their  methods^  or  t9 
ligently  communicate  their  experience  to  others^  or  in  any  way  to 
of  permanent  value  to  science.  They  treated  all  cases  about  al3t(| 
without  reference  to  the  pathological  condition,  and  in  spite  of  all 
successes  frequently  failed  where,  with  better  knowledge^  they 
have  succeeded. 

In  Europe,  so  far  as  we  can  ascertain  from  the  published  ^> 
the  subject,  or  from  our  own  personal  observation,  the  method  v.  ^ 
faradization^  as  described  in  this  work,  has  not  been  used  or  ri 
mended,   at  least    by  men    of  science.      In    i85i» 

•  Thcrnpeutics,    vol.    i.,    p.    31,     The   same   author   stntes    that    ••byfcrl 
greater  number    [of  mctiicine^i]    were  first  employed  in  countries  which  v 
■re  now  in  a  stale  of  scientific  ignortuicc." 

+  Materia  Medica,  vol  ii.,  p.  336.      Hydrate  of  Chloral  xaaj  now  be  1 
this  Ibt.  X  Etudes  sur  r£leciHctt&    Taru^  tSs^i 
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4th.  To  have  discovered  in  our  experiments  witn  this  method,  that 
electrization  was  a  tonic  of  great  and  varied  efficacy,  and  therefore 
indicated  in  a  large  range  of  conditions  of  debility,  and  to  have  forced 
this  fact  on  the  professional  mind  until  it  has  become  widely  accepted, 
and  has  become  the  basis  for  the  use  of  electricity  in  the  treatment 
of  medical  diseases. 

The  length  of  time  required  to  make  a  thorough  application  of  general 
faradisation,  and  the  amount  of  practice  necessary  to  acquire  skill  and 
facility  in  its  employment,  have  interfered  somewhat  with  its  populariza- 
tion among  specialists  in  electro- therapeutics ;  but  in  spite  of  these 
difficulties  the  method  is  now  used  with  tlie  highest  success  by  hundreds 
of  physicians,  specialists  and  general  practitioners,  &c.,  and  its  popular- 
ity is  very  rapidly  increasing. 

In  Germany  the  method  has  been  from  the  first  received,  in  part 
through  the  careful  r6sum6  of  Prof.  Erb,  of  Heidelberg,  with  greater 
interest  and  appreciation  and  with  more  favorable  consideration  than 
in  any  other  country,  excepting  perhaps  the  United  States.  Dr.  R. 
Vater,  of  the  University  of  Prague,  in  his  preface  to  the  German 
translation  of  the  first  edition  of  this  work,  has  warmly  recommended 
the  method,  basing  his  recommendation  on  his  own  personal  experience ; 
and  more  recently,  Benedict  of  Vienna,  in  the  latest  edition  of  his  work, 
has  given  the  method  intelligent  and  appreciative  consideration. 

History  of  Central  Galvanization. — The  method  of  central  galvan- 
ization, as  has  been  described  in  our  published  papers  (Electricity  and 
the  Sphygmograph,  N.  Y.  Medical  Record^  December  15,  187 1  ;  also, 
Recent  Researches  in  Electro-Therapeutics,  October,  1872,  by  Dr. 
Beard ;  Central  Galvanization,  N.  Y,  Med,  Journal^  May,  1872,  by 
Dr.  Rockwell),  consisted  in  placing  the  negative  pole  at  the  epigast- 
rium^ while  the  positive  was  applied  over  certain  portions  of  the  heady 
over  the  sympathetic  and  pneuttic gastric  in  the  neck,  and  down  the 
whole  length  of  the  spine  from  the  first  to  the  last  vertebra.  At  that 
time  we  had  used  the  method  with  the  highest  success,  in  hysteria,  in- 
sanity, neurasthenia,  gastralgia,  dyspepsia,  and  certain  diseases  of  the 
skin,  and  since  that  time  this  method  has  been  extended  to  a  wide 
variety  of  affections.  In  some  diseases  it  has  supplemented,  in  others  it 
has  supplanted,  general  faradization  and  galvanization  of  the  cervical 
sympathetic. 

The  full  method  of  central  galvanization,  as  it  will  be  described  in 
this  edition  of  the  present  treatise,  was  not  stumbled  upon  by  accident, 
but  is  the  result  of  a  long  period  of  experimenting.  When  we  began  to 
use  the  galvanic  current,  we  sometimes  treated  gastralgia  and  dyspcp 
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sia  by  placing  one  pole,  usually  the  negative,  in  the  epigastric  region, 
and  the  positive  on  the  nape  of  the  neck  at  about  tlie  sixth  cervical  vcr^ 
tebra.  Gradually  we  extended  the  domain  of  the  application  so  as  to 
include  the  mastoid  fossa  and  the  anterior  border  of  the  sterno-cleido- 
mastoid  muscle,  down'  to  the  sternum  on  both  sides.  Afterwards  wt 
resolved  to  apply  the  positive  electrode  to  llie  forehead,  still  keeping 
the  negative  on  the  epigastrium- 

Inliuenced  by  the  fact  of  observation,  that  the  lop  of  the  head  be- 
tween the  cars  was  frequently  tender  and  painful  in  hysteria  and  ncur» 
asthenia,  in  bodi  sexes,  it  occurred  to  us  that  this  might  be  a  good 
place  to  plant  the  electrode  so  as  to  affect  the  brain.  Another  consid- 
eration of  practical  moment  was,  that  this  place  tn  both  sexes  is  quite 
accessible,  even  with  the  present  methods  of  arranging  the  hair.  Look* 
lag  at  the  subject  from  the  standpoint  of  anatomy,  physiology,  and 
pathology,  also,  it  was  sufficiently  clear  that  in  galvanising  the  brain, 
the  object  should  be,  not  so  much  to  affect  the  anterior  lobes  as  the 
base  and  posterior  portion,  where  originates  the  great  cranial  nerves. 
\Vc  soon  found  by  clinical  observation,  that  little  dizziness  was  caused 
when  the  electrode  was  placed  in  this  position,  and  that  a  stable  current 
of  a  number  of  cells  could  be  borne  without  unpleasantness,  and  that 
oftentimes  a  peculiar  sensation  was  experienced,  very  different  from  the 
stinging  and  pricking  sensations  that  are  felt  when  the  electrode  is 
placed  on  the  forehead-  Last  of  all  we  extended  the  application,  so  as 
to  include  the  whole  length  of  the  spinal  column,  passing  the  electrode 
beneath  the  clothes  of  the  patient,  loosened  and  pulled  up  for  that  pur- 
pose. Since  the  first  publication  of  this  method  of  central  galvaniza- 
lion,  we  have  modified  it  by  changing  the  position  of  the  negative  pole, 
up  and  down  the  breast  and  abdomen,  so  as  to  avoid  over-irritating  the 
stomach. 

Some  of  the  processes  of  central  galvanization  had  been  used  by 
other  physicians,  long  before  w^e  worked  up  the  complete  method  as  he 
described.  Dr.  Althaus  writes  us,  that  several  years  since  he  had  em- 
ployed the  first  step  in  the  process — one  pole  at  the  epigastrium  and 
the  other  at  the  back  of  the  neck,  but  becoming  alarmed  by  unpleasant 
symptoms,  had  abandoned  it ;  and  Dr.  Meredith  Clyroer,  of  this  city, 
informs  us  that  during  the  past  three  or  four  years  he  has  independently 
used  the  processes  of  central  galvanization  with  tonic  results  that  have 
been  most  pleasing. 

The  ill  fortune  of  Dr.  Althaus  was  due,  we  suspect,  to  the  fact  that 
he  used  powerful  or  interrupted  currents — a  mistake  that  we  repeatedly 
made  during  our  earlier  experiments,  a  mistake  that  is  frequently  made 
by  those  beginning  any  new  method  of  electrization. 
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The  method  of  central  galvanization  is  not  yet  as  extensively  i 
general  faradization,  for  the  twofold  reason  that  very  many  el< 
therapeutists  have  no  galvanic  apparatus,  and  the  full  descriptioa  < 
method  has  been  only  a  short  time  before  the  profession. 

In  reviewing  the  above  history  of  electro-therapeutics  and  o 
ing  it  with  the  history  of  electro-physics  and  electro-physiology,  «t 
are  impressed  with  several  important  lessons.  These  have  important 
practical  as  well  as  scientific  bearings,  and  are  of  interest  not  only 
to  electro-therapeutists,  but  to  physicians  and  scientists  in  gencrt^ 
and  are  rich  in  instruction  and  suggestion  for  every  thoughtful  mini 
We  shall  therefore  make  no  apology  for  considering  them  in  detail 
We  believe  tliat  a  thorough  general  study  of  the  history  of  electro- 
thera[)eutics  in  all  its  relations  will  do  much  toward  dissipatiiig  tauft^ 
widely  jirevalent  errors  both  in  theory  and  practice. 

I.  T/i^  progress  of  Electro-Therapeutics  has  been  dipendcnt  on  tk 
progress  of  other  scicrues. 

In  the  advance  of  science  it  has  often  happened  that  one  divisioo 
has  been  arrested  in  its  march  and  forced  to  wait  for  other  and  alli<d 
divisions  to  come  up  and  support  iL  No  science  stands  alone.  In  the 
genesis  of  knowledge,  each  specialty  is  evolved  from  and  with  other 
and  more  general  specialties,  and  without  which  it  could  have  no  cxis^ 
ence.  Between  all  the  sciences  there  is  a  consensus  or  hannony  ;  all 
act  and  react  upon  each  other,  and  as  Spencer  well  says,  *'  in  tljc  prt* 
gress  of  the  world  the  sciences  may  become  arts  to  each  other.*'  Tht 
speculations  of  Copernicus  were  merely  speculations  until  optics  aiU 
vanced  and  reduced  them  to  a  science.  It  is  impossible  to  ascertain 
the  position  of  a  star  in  the  sky,  without  making  use  of  the  recent  ad- 
vances in  optics,  in  themiology,  in  barology,  and  in  hygrometr)'.  Sfr 
ilarly  also,  all  or  nearly  all  great  discoveries  and  pioneers  in 
would  have  been  impossible  had  not  other  discoveries  and  pio. 
the  same  or  alHed  departments,  preceded  them.  It  was  the  careAi* 
observations  of  Tycho  Brahe  that  made  it  possible  for  Kepler  to  dtf* 
cover  his  great  laws. 

Not  until  the  telescope  was  discovered  could  the  present  tlicory » 
the  universe  be  established. 

Newton  had  abandoned  his  theory  of  gravitation,  when  Picart's  act*" 
rate  measurement  of  a  degree  of  the  surface  of  the  earth  enabled  la* 
to  demonstrate  the  correctness  of  his  theory.  Before  Newton  coow 
work  out  his  theory  of  gravitation  at  all,  it  was  necessary  for  Galileo  W 
reveal  the  laws  of  falling  bodies  and  the  composition  of  forces;  W^ 
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restrial  physics  must  precede  physics  celestial.  Before  Young  could 
work  out  his  undulatory  theory  of  light,  he  must  be  preceded  by 
Huyghens  and  Newton,  and  before  Darwin  could  announce  his  theory 
of  evolution  there  must  be  a  Lyell  to  make  a.n  era  in  geology.  The 
gtand  hypothesis  of  the  conser\'ation  of  forces  results  through  a  com- 
bination of  all  the  physical  sciences  of  the  world.  Science  is  system- 
atized knowledge.  In  order  to  reduce  any  form  of  knowledge  to  a  science, 
there  must  be  some  method  of  measurement.  We  measure  space,  and 
so  we  have  the  science  of  geometry.  We  measure  force  and  space,  and 
so  we  have  the  science  of  statics.  We  measure  time,  force,  and  space, 
and  so  we  have  the  science  of  dynamics.  Measurement  need  not  ne- 
^  cessarily  be  mathematically  accurate — there  may  be  some  indefinite  and 
even  ^-arjnng  standard  by  which  we  estimate  our  ideas  on  various  sub- 
jects ; — in  this  way  geology,  physiology,  theology,  metaphysics,  and  soci- 
ology are  admitted  among  the  sciences,  although  none  of  them  are  exact 
Wc  have  no  science  of  smells  and  tastes,  because  we  have  no  way 
of  measuring  them.  Formerly  our  knowledge  of  the  great  forces  of 
natore  was  just  as  indefinite  as  our  knowledge  of  smell  and  taste,  until 
the  invention  of  the  thermometer,  dynamometer,  barometer,  etc  Now 
ihii  necessity  of  obtaining  some  method  of  measurement  or  comparison, 
in  order  to  develop  the  sciences,  makes  them  more  or  less  depend- 
ent on  each  other.  Invention  must  precede  discovery,  and  discoveries 
in  one  science  prepare  the  way  for  greater  discoveries  in  the  future. 
The  first  steps  in  measurement  are  qualitative  merely ;  the  quantitative 
^  stage  is  usually  reached  but  slowly,  and  after  long  experimenting.* 

Wbtle  soane  sciences  are  in  the  quantitative  stage,  others  are  in  qual« 
itattre  merely ;  but  these  latter  may  be  raised  to  the  condition  of  the 
quantitative  stage  by  the  aid  of  the  former. 

TfaiBS  it  is  tliat  one  science  may  be  blufied  and  baffled  in  its  advance, 
.  until  some  other  science,  that  may  perhaps  be  in  no  way  allied  to  it, 
I  oomes  to  tibe  rescue,  and  proves  a  mutual  relationship  that  had  not  be- 
Ibre  been  suspected. 

Tins  the  progress  of  the  science  of  acoustics  was  saspettded  until 
I  fbeuuulumr  came  to  the  front  and  carried  it  forward.  The  alraospherie 
^  lefiractioo  of  ttf^  and  the  rate  of  density  of  the  atmosphere,  were  not 
k  undentood  ontil  Bojrie  and  Marriott  discovered  the  relation  between 
f  tiie  densitf  of  gases  and  pressixre  :  tbos  w«  see  that  optics  and  astro- 
\  Hony  were  dependent  on  barology. 

The  Bessemer  process,  that  has  made  an  era  in  applied  scieiices, 
♦  For  nae  id  ifce  «*»•«  fcg,,  ,^  ««^^ta*s  we  1»^  *««»  fadeb<ol  to  the 
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is  in  a  measure  dependent  on  the  spectroscope,  which  in  its  turn 
dependent  on  the  experiments  of  Sir  Isaac  Newton ;  and  Newton 
would  have  been  an  impossibility  had  not  Kepler,  Galileo,  Di 
and  other  great  discoverers  preceded  him.     The  discovery  of  A; 
and  all  the  countless  results  that  are  flowing  from  it,  was  made  A 
sibility  only  by  the  discovery  of  the  mariner's  compass. 

Watt,  in  his  pamphlet  on  the  steam  engine,  acknowledges  his  i 
edness  to  an  earlier  experimenter,  and  without  Watt   there  could 
been  no  Fulton.     The  discovery  of  oxygen  by  Priestley  paved  the 
for  BerzeUus  and  Lavoisier,  with  all  the  nomenclature  and  compli 
of  modern  chemistry,  scientific  and  applied.     In   1807  chemistry 
halting,  wearied  with  its  march,  when  electrolysis,  made  |>ossibU! 
the  discovery  of  the  Voltaic  pile,  seven  years  before,  in  the  hands 
Davy,  gave  it  a  new  impulse. 

The  new  metals,  as  thallium,  etc.,  that  have  been  recently  added 
chemistry,  are  the  offspring  of  the  spectroscope,  discovered  in  1859. 

The  history  of  ekctrology,  in  all  its  departments,  illustrates,  in  t 
most  interesting  manner,  the  great  laws  by  which  science  and  art  in 
developed.  The  discovery  of  zinc  by  Paracelsus,  several  ccntiirirt 
ago,  placed  at  ready  command  a  metal  which  is  now  used  in  rcirlv 
every  form  of  electric  battery. 

The  discovery  of  ihe  Leyden  jar,  in  1746,  stimulated  Franklin  to 
demonstrate  the  identity  of  lightning  and  electricity ;  and  the  experi- 
ments of  Galvani,  ill  directed  and  mistaken  as  they  were,  inspired  Volll 
to  the  construction  of  tlie  pile  that  is  bearing  his  name  to  the  futiire. 
Here  electrical  science  long  halted,  and  both  franklinic  and  gaivanic 
electricity  had  fallen  into  comparative  disuse,  when  the  discovery  of 
electro-magnetism  by  Oersted  ap])eared  just  in  time  for  Farailay  to  nukt 
his  immortal  researches  on  induction,  which  have  placed  at  tlie  disposJ 
of  electro-thera|Tieutists  a  vast  variety  of  faradic  machines,  as  well  «• 
created  our  enormous  system  of  land  and  ocean  telegraphy.  Tht 
machines  constructed  under  the  impulse  of  Faraday's  researches  *«** 
ready  just  in  season  for  Masson  and  Duchenne  to  apply  them  to  ckC- 
tro-physiology  and  therapeutics.  Fifteen  years  earher  faradic  w*^ 
chines  were  unknown,  and  faradization  would  have  been  impossible 
The  invention  of  the  galvanometer  in  1825,  caused  Nobili,  in  1827,  W 
make  researches  in  animal  electricity,  which  were  subsequently  carrico 
to  greater  perfection,  with  more  refined  apparatus,  by  Du  Bois-Kef* 
niond  and  his  disciples. 

The  invention  of  the  batteries  of  Smec,  Darnell,  Bunsen,  and  Gro**i 
based  on  die  law  of  Ohm,  announced  in  1S27,  prepared  the  vvf^ 
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Remak  to  introduce  the  galvanic  current  to  medicine,  which  with  the 
inconstant  and  inconvenient  Voltaic  pile  would  have  been  impossible; 
and  also  opened  the  door  for  Crussel  to  pioneer  electrolysis,  and  for 
Middeldorpff  to  develop  the  surgical  uses  of  the  galvano-cautery.  Foi 
general  faraiization  as  well  as  localized,  we  are  first,  of  course,  indebted 
to  Faraday ,  and  central  galvanization,  though  it  might  have  been  de- 
vised immediately  after  the  invention  of  the  Voltaic  pile,  could  only  be 
Itopularized  in  the  profession  after  batteries  had  been  made  that  were 
cheap,  constant,  and  convenient.  Physiology  and  pathology  have  both 
come  in  to  guide,  to  stimulate,  and  to  sustain  electro-therapeutics,  for 
the  method  of  apphcation,  and  the  kind  of  current  employed,  must  vary 
with  the  real  or  supposed  pathological  condition  in  the  disease  we  treat. 
The  more  accurate  diagnosis  that  follows  in  the  wake  of  the  ophthalmo- 
scope, the  otoscope,  the  laryngoscope,  the  endoscope,  the  stethoscope, 
the  eslhesiometer,  and  of  electricity  itself,  and  the  better  knowledge  of 
the  body  in  health  and  disease  that  comes  from  ptost-mortem  examina* 
tionSf  and  experiments  on  animals,  have  made  all  our  electrical  appH' 
cations  more  intelligent  and  more  successful.  They  have  not  only 
adde<1  new  territory  to  electro-therapeutics,  but  they  have  helped  to 
subjugate  that  which  was  already  acquired.  The  discovery  of  the 
pathology  of  locomotor  ataxy  made  an  era  in  the  method  of  using  elec 
tricity  in  that  disease. 

The  old  notion  that  dyspepsia  was  always  a  purely  local  disease, 
would  never  have  suggested  its  treatment  by  general  faradization  or 
central  galvanization  ;  and  if  hysteria  were  a  disease  of  the  womb,  and 
insanity  were  a  spiritual  and  not  a  physical  symptom,  Uieir  treatment 
by  galvanization  of  the  brain  and  spine,  and  ccrt-ical  sympathetic  and 
general  faxaduation,  would  seem  utterly  out  of  place.  Had  we  ad- 
hered to  the  dogma  that  diabetes  was  a  disease  of  the  kidneys  or 
Ihrer,  we  should  nerer  have  thought  of  treating  it  by  galvanization  of 
the  brain,  and  neck,  and  spine.  The  suspicion,  amounting  well-nigb  to 
a  positive  ootmction,  that  certain  <fiseases  of  the  skin,  that  had  usnally 
,  been  claaed  as  local  or  peripheral,  were  really  dqicndent  on  the  cen- 
tral oenrcMS  tystem,  first  induced  us  U>  treat  them  by  central  galvani- 
zation, and  with  a  «coes»  that  has  been  anuzing.  The  growing  belief 
that  maiignanff  taawn  ate  originally  local  in  their  character,  has  en- 
ItemngtiA  ckctro-thcrapcatisU  to  treat  them  If  variow  nwthodiof 
>  mmg  dectridty,  and  with  a  certain  degree  of  ukkcu.  The  idea  dbat 
Hvalgja  is  a  central  and  not  a  peripheral  disease,  haa  teiroiatioiiixed 
in  electrical  treainkcuL  In  the  present  volume  we  hope  to  be  ^ile  to 
jbov  dhoc  ail  or  nearly  all  the  fitnrtinml  dtaeases  alhcd  to  hj«c»^ 
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have  in  general  a  conunon  pathology,  and  demand  a  similar  treatment 
by  electricity.  Conversely,  it  has  been  shown  in  the  department  of 
modern  oiihthalniology  and  otology,  that  the  symptoms  of  blindness, 
and  deafness,  for  which  electricity  was  so  freely  used  a  century  or  more 
Ago,  depend  on  pathological  conditions  that  are  in  their  very  nature 
incurable,  and  that  the  time  and  force  spent  in  treating  them  by  elec- 
tricity aie  wasted. 

The  same  is  true  of  certain  forms  of  paralysis  and  some  painful 
nerve  affections. 

2.  The  introduction  of  Electro-Therapeutics  into  the  profession  has 
been  accomplished  only  with  great  dijiculty. — This  fact  is  not  peculiar 
to  electro-therapeutics  :  it  applies  equally  to  the  history  of  every  radical 
and  revolutionary  branch  of  medicine.  There  is  among  some  friends 
of  electro-therapeutics  a  shadowy  suspicion  tliat  their  specialty  has  had 
an  exceptional  history ;  that  it  has  been  despised  and  rejected  by  science 
and  left  to  the  mercies  of  charlatans  more  than  any  other  great  depart* 
ment  of  therapeutics.  This  misconception  arises  from  the  recentness 
of  the  subject  of  electro-therapeutics,  and  from  the  fact  that  its  early 
history  and  struggles  are  personally  and  painfully  familiar  to  this  genera- 
tion. But  the  experience  of  electro-therapeutics  is  the  experience  of 
every  advance  in  the  medical  art,  and  even  of  the  science  of  medicine 
itself.  In  every  land,  and  in  all  recorded  times,  tlie  profession  of 
medicine  has  been  a  despised  profession.  For  five  hundred  years 
Rome  was  without  regular  physicians,  and  when  at  last  they  were  re- 
cognized as  a  needful  body,  they  were  forced  to  take  the  lowest  seat 
in  the  social  circle.  When  tlie  Roman  grandee  was  sick  nigh  unto 
death,  he  summoned  in  consultation  a  medical  adviser,  for  whom  he 
had  about  as  much  respect  as  we  have  for  tlie  i;ienial  who  blacks  our 
boots  or  polishes  our  knives.  For  ages  the  ensign  of  medicine  was 
borne  by  the  most  ignorant  of  slaves,  and  was  then  transferred  to  the 
hands  of  monks  and  charlatans,  from  whom  it  was  with  great  difficulty 
wrested. 

If  any  branch  of  medicine  is  honored  to-day,  it  is  general  surgery  ;  but 
for  centuries  the  profession  of  barber  and  surgeon  were  one,  and  only 
by  painful  and  slow  degrees  have  the  surgeons  obtained  their  present 
eminence. 

As   with   general   medicine   and   surgery,   so   with   all    the   special 
branches — the  uniform  history  is  one  of  growth  out  of  early  struggle! 
and  despising.     One  of  the  very  best  tests  of  medical  skill  and  genius  is 
midwifery,  and  yet  we  have  to  go  back  but  a  short  time  to  see  obstet- 
rics the  exclusive  art  of  the  most  degraded  and  despised.     Ophthalmo* 
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logy  and  otology,  now  refined  and  developed  into  exalted  and  exacting 
sciences,  wherein  learned  practitioners  and  professors  find  material  for 
life-long  thought  and  toil,  with  liberal  honors  and  rewards,  were,  even  in 
the  memory  of  the  youngest  of  us,  so  largely  the  province  of  pretenders, 
that  few  would  be  willing  to  be  called  an  oculist  or  aurist.  Laryngol- 
og)',  g)T3ecolog)%  syphilography,  neurology,  and  electro-therapeutics,  all 
speak  the  same  history,  and  in  all,  the  laws  of  growth  and  development 
have  been  substantially  the  same.  First,  new  instruments,  or  modes 
of  using  instruments,  are  devised  (usually  by  sdentific  men),  skill  in  the 
management  of  which  requires  a  knowledge  and  patience  that  transcends 
the  capacity  of  the  average  charlatan  or  of  the  laity  in  general.  With 
the  use  of  new  apparatus,  arrives  a  more  accurate  and  refined  pathology 
and  a  more  discriminating  and  successful  therapeutics,  all  of  which 
scientific  advantages  are  in  time  appreciated  by  the  profession  and  ulti- 
mately by  the  people,  who  slowly  rcali2e  the  fact  that  it  is  possible 
even  for  scientific  men  to  cure  disease ;  and  thus  it  happens  that  char- 
latans fall  back  in  the  race  and  give  way  to  scholarly  and  obser\'ant 
men,  for  the  same  reason  that  stages  give  way  to  railways,  and  canal' 
boats  to  steamships.* 

The  history  not  only  of  electro-therapeutics  in  general,  but  of  all  the 
special  branches  and  advances  in  electro-therapeutics,  is  the  history  of 
persecution.  First,  localized  electrization  with  the  faradic  current,  then 
localized  electrization  with  the  galvanic  current,  must  fight  their  weary 
battles ;  then  electrolysis  and  galvano-cautery ;  then  general  faradization 
comes  in  to  be  at  first  despised  and  rejected ;  and  last  of  all,  central  gal- 
vanization has  sought  for  a  recognition  amid  the  same  jeers  and  deri- 
sion that  greeted  all  its  sisters  in  art.  In  the  portals  of  science,  every 
new-comer  is  at  first  unwelcome,  and  is  received  with  a  frown,  a  kick, 
or  a  sneer,  to  be  afterwards  greeted  with  warm  and  loving  embraces. 
In  the  histor)'  of  the  application  of  electricity  to  the  various  diseases, 
the  same  principles  are  illustrated  :  those  who  believe  or  tliink  they 
believe  in  electricity  as  a  therapeutic  agent  in  general,  begin  to  bristle 
and  howl  as  soon  as  it  is  recommended  for  any  disease  for  which  it  had 
not  previously  been  used,  and  thus  it  is  that  the  value  of  this  powerful 
and  protean  agent  to  nervous  dyspepsia,  to  neurasthenia,  to  hysteria 
and  insanity,  and  to  general  debility,  has  been  admitted  only  after  bitter 
stniggles. 

•  MewrsL  Tiemann  &  Co.,  tlie  well-known  uistmmnit-TnAlcen:,  inform  us,  that  sinc« 
ophthiUmology,  otology,  tnd  gynecology  have  been  recogni/cd  in  the  profession  and 
^thfuily  studied  by  specialists,  there  has  been  little  sale  of  imtromcots  for  these  depart 
ments  to  chaiUtann 


238 


PERSECUTIONS  AND  STRUGGLES. 


The  leading  and  basic  idea  of  electro-medicine,  that  electri; 
a  tonic  as  well  as  a  stimulant,  although  now  generally  received 
by  some  of  the  French  writers,  was  rejected  without  exaniii 
especially  by  those  who  were  supposed  to  have  some  knowle< 
electro- therapeutics.  And  here  we  may  remark  that  the  most  vi 
opposers  of  any  new  fact  are  usually  those  to  whose  specially  it] 
longs.  Before  a  new  idea  can  enter  the  brain  of  a  specialist  in 
branch,  it  must  first  displace  some  old  idea,  and  thus  a  double 
laid  upon  it.  Thus  is  explained  the  historic  fact,  thac  localized  cl 
zation  and  general  faradisation  were  in  successful  use  among  the 
long  before  they  were  introduced  to  the  profession.  These  men 
in  some  instances  aroused  the  interest  as  well  as  the  op|)osili< 
the  profession,  and  have  inspired  able  men  lo  investigate  the 
for  themselves.  The  opposition  and  persecution  to  which 
electro-therapeutics  has  been  subjected  at  the  hands  of  their  brcl 
in  the  profession,  have  redounded  to  the  glory  of  the  cause.  Vft 
has  stimulated  inquiry,  and  sneers  and  gibes  have  fed  the  flame 
they  were  designed  to  extinguish.  The  sorrows  of  the  pioneers 
been  the  seeds  of  science.  Opposition  has  called  forth  latent  fo 
in  the  ranks  of  electro-therapeutists,  which  they  dreamed  not  ifalt 
they  possessed,  for  they  have  been  enabled  to  transcend  themselva, 
and  to  attain  a  success  that  has  surpassed  their  most  sanguine  expec- 
tation. 

In  obedience  to  this  inevitable  law,  electricity  has  fought  its  way  into 
neurology,  ophthalmology,  and  otology,  into  gynecology  and  lar>'ngology, 
and  into  surgery,  where  it  has  become  an  essential  adjunct.  Oneoftbft 
most  recent  and  important  advances  of  electrotherapeutics  is  its  ap- 
plication to  diseases  of  the  skin,  in  which,  as  will  appear  in  the  course 
of  the  present  volume,  we  have  obtained  some  remarkable  and  sugges- 
tive results.  This  statement  has  been  met  by  the  majority  of  derma- 
tologists with  doubt,  derision,  and  neglect.*  Physicians  who  art 
excellent  friends  of  ourselves  and  of  electro-therapeutics,  have  expressed 
sincere  regret  that  we  should  attempt  to  treat  diseases  of  the^kiftbT 
electricity,  and  have  consoled  themselves  with  the  hope  that  oui  €«fc 
thusiasm  would  be  cured  by  time  and  experience. 


•  Shortly  after  wc  had  accomplished  some  of  our  early  experiments  with 
gaJvani/ation  and  localized  electrization  in  eczema,  prurigo,  nod  other  cutaneoMll 
ea«>es,  we  wrote  to  an  acquaintance  who  is  one  of  the  very  ablest  of  Europe«a< 
therapetulsts,  and  rc<iuc*tcd  him  to  repeat  our  experiments.  He  wrote  in  n^i 
he  would  be  thought  insane  if  be  khould  make  such  an  attempt 
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It  is  but  six  or  seven  years  ago  that  our  statements  in  regard  to  the 
tonic  powers  of  electrization  and  its  application  to  a  large  variety  of 
diseases  of  debility  were  similarly  received.  The  conclusion  of  the 
whole  matter  is,  that  electro-therapeutics,  in  the  neglect   and   insult 

Ltnd  persecution  through  which  it  has  passed,  has  only  worked   out 

'■the  general  law  of  development  of  all  original  thought  ever)'wherc. 
Every  ascent  of  the  heights  of  knowledge  bristles  with  obstructions, 
staring  upon  us  like  the  guns  of  a  fortress.     Science  advances  only  at 

l-the  expense  of  old  faiths  that  struggle  hard  for  life,  and  with  every 
step  in  its  progress  some  loved  idol  of  the  w^orld  is  crushed  beneath  its 
feet 

No  man  who  is  afraid  of  neglect  and  scorn  ought  to  attcmjii  any 

^original  thinking,  for  as  it  has  ever  been,  so  must  it  ever  be  of  those 
who  would  advance  knowledge,  as  of  those  who  would  "  live  godly  " 
in  the  world,  that  they  "must  suffer  persecution."  The  first  revelations 
of  nature's  laws  are  made  only  to  those  who  have  the  calm  courage  that 
can  face  a  frowning  world.  So  high  an  honor  as  that  of  making  a  dis- 
covery in  science  is  not  allowed,  except  to  those  who  above  the  cross 
can  see  the  crown,  and  beyond  the  silence  of  the  present  can  hear  the 
plaudits  of  the  future.* 

3.  In  ehctrO'therapeutks  as  in  all  othtr  scunea^  mast  of  the  important 
discmferies,  invmiions^  and  advances  have  been  made  not  by  aeeideptt, 
but  as  a  direct  result  of  patient  research. — Those  who  will  study  the 

■  admirable  treatise  of  Whcwcll,  on  the  Ilislcry  of  the  Inductive  Sciences^ 
will  be  surprised  to  find  how  utterly  erroneous  is  the  common  idea  tJiat 
the  discoveries  and  inventions  of  the  world  have  been  made  by  chance. 
Accident  alone  does  not  advance  humanity.  In  the  realm  of  scien* 
lific  discovery,  as  everywhere,  force  answers  to  force,  and  if  one  man 
accomplishes  more  than  another  in  any  direction,  it  is  because  he  has 
greater  force  in  that  direction  and  uses  it  to  better  advantage.  Accident 
may  be  the  incidental  contingencies  of  discovery,  but  they  arc  not  Uic 
discoveries,  and  of  thenisclves,  tmaidcd  by  previous  thought  and  labor, 
would  come  to  naught  The  accident  of  the  convulniunsi  of  the  frog's 
leg  did  not  immortalize  Gah'ani,  but  the  long  series  of  research  that  fol' 

flowed  the  accident.    The  accident  of  the  deflection  of  the  needle  under 

'  Morton,  one  of  Uk  dkoofvefs  of  anotliciis,  thsi  «klljr  writa:  **  It  were  better 
Ibr  ne,  koSmAeij  bettor  bv  mo  sad  my  wifie  mA  ehOdren^  better  for  mc  ood  tliem  la 
I  revecti^  if  I  hod  borkd  X\tm  iccfct  of  the  rictorj  over  pain  ia  my  titci«i  forcw, 
laad  wdfcrad  eortarioi  to  cUfwe  brfurc  il  came  forth  to  tJie  kaowteJec  of  tbe  worid  by 
BOtlMr  Imad^tlma  to  ilo  M  I  dld--4ia«<n  10  make  b  kaovn  by  oU  (braift  aadmodm 
TipaKfc,  aa4  at  crcrj  ridk  of  healcl^  proapcrity«  uA  even  Ut,** 
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the  electric  current  would  have  been  nothing  to  Oersted,  had  he 
fifteen  years  been  deepiy  engaged  in  the  study  of  electrical  phenoi 
and  especially  in  the  solution  of  the  very  question  that  the  acci 
observation  helped  to  solve.     Similarly  also  the  various  batteries 
appliances   used   in  electricity,  from  the    first  frictional  machim 
the   pile  of  Volta  down   to   the  beautiful  reflecting  galvanonici 
Thomson,  and  all  the  wide  variety  of  apparatus  for  electro-thi 
tics,  are  the  products  of  toil  and  experiment,  the  sifted  results  oi 
less  failures. 

None  of  the  important  methods  of  using  electricity  in  the 
of  disease  have  been  stumbled  upon.     Localized  faradization  and 
vanization,  general  faradization,  electrolyzation,  galvano-cauteh. 
and  central  galvanization,  each  represent  years  of  experiment  oo; 
part  of  some  one  or  of  many  physicians  and  surgeons. 

4.  T/ie  advances    in  EUctro-Therapeutics  have  been  made 
entirely  by  so-callrd  specialists. 

Until  quite  recently,  it  had  been  the  fashion  in  modem  times,  and 
ticularly  in  America,  where  all  other  terms  of  abuse  have  been  pri 
inadequate  to  express  contempt  for  any  man,  to  call  him  a  specia' 
The  inappropriateness  of  this  designation  becomes  quickly  apparent  in 
the  light  of  the  history  not  only  of  electro-therapeutics,  but  of  cnof 
branch  of  modern  knowledge.  In  the  days  of  Plato  and  Aristoti€ 
philosophers  could  rarely  be  specialists,  for  the  reason  that  there  «i| 
nothing  to  specialize  upon  j  there  was  little  to  be  known  in  any  OOC 
branch  or  in  all  branches  of  human  acquirement. 

Past  history  was  a  blank  or  a  myth,  and  future  history  no  one  conld 
predict.  The  sciences,  save  astronouiy,  were  not  born ;  yet  even  io 
that  childhood  of  the  world,  nearly  all  who  became  eminent  in  Grecian 
history — artists,  poets,  statesmen,  orators,  and  generals — were  speciaJisttJ 
and  if  Aristotle  encompassed  all  knowledge,  it  was  because  there  ws* 
so  little  existing  knowledge  to  compass. 

In  the  larger  sense  of  the  word,  all  scholars  must  be  specialists.  Tlui 
necessity  of  giving  special  attention  to  any  department  in  order  to 
attain  mastership  in  that  department,  becomes  more  imperative  as  the 
evolution  of  humanity  goes  on.  Although  the  capacity  of  the  humtf 
brain  has  increased  in  important  percentage  during  the  past  fe* 
thousand  years,  yet  it  has  in  no  way  kept  pace  with  the  advance  ^ 
knowledge.  To  master  any  one  of  the  special  divisions  of  niodtf* 
thought  costs  more  of  brain  force  than  was  required  in  the  day»  of 
Aristotle  to  traverse  the  whole  field  of  knowledge.  Hence  it  is  tW 
all  the  great  advances  that  have  been  made  by  the  human  race  hfttt 
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been  organized  by  men  who  have  given  special  attention  to  some 
special  line  of  thought  or  action,  on  which  they  have  concentrated  most 
\j£  not  all  of  their  mental  forces.  Civilization  is  the  product  of 
cialization.  Eliminate  from  human  society  the  labors  of  specialists 
nd  their  results,  and  we  put  the  human  race  back  thousands  of  years. 
It  is  only  in  rude  and  savage  communities  that  some  one  man  or  some 
few  men  as  chiefs  or  leaders  are  expected  to  know  cverj-thing  and 
decide  all  questions.  The  first  sign  that  a  tribe  is  beginning  to  rise  in 
the  social  scale,  is  the  birth  of  a  specialist  who  commands  influence 
and  leads  bis  people  in  advance  of  their  previous  state  by  virtue  of  his 
L  special  investigations.  Those  philosophers  who,  like  Cotnte  and  Spencer, 
fill  and  Hamilton,  survey  the  whole  area  of  the  sciences,  do  not  profess 
to  acquire  mastership  in  any  one :  they  are  not  regarded  as  authorities 
in  any  one  branch,  and  are  known  and  recognized  as  generalizers 
from  the  labors  of  others. 

Every  medical  man  in  our  time,  be  he  general  practitioner  or  not,  be 
he  [ihysician  or  surgeon,  whatever  he  may  be  called,  is  a  specialist 

There  have  been  men,  and  the  history  of  mc<licine  gives  examples* 
who,  after  rambling  amid  various  realms,  have  at  last  settled  down  in 
.  some  field  and  cultivated  thai  exclusively,  thus  obtaining  distinction ; 
bough  no  specialists  all  their  lives,  they  were  so  at  the  time  that  they 
de  their  discoveries.  The  histories  of  vaccination,  of  anesthesia,  of 
Many  physiological  discoveries,  illustrate  this  fact.  The  history  of 
dectrology  includes  a  large  namber  of  the  greatest  names  of  modem 
sdence  ;  philosophers  who  have  acquired  fame  in  various  walks  of 
learning  have  helped  to  hasten  the  march  of  electricity. 

Galvani,  Volta,  Franklin,  Oersted,  Arago,  Ampere,  Davy,  Faraday, 
^Tyndalh  would  have  been  more  or  leu  illustrious,  even  had  they  ne^er 
Dtified  themselves  with  ihe  history  of  electricity.  Siroilariy,  it  may 
be  said  of  Duchenne,  Reroak,  Althaiu*  and  other  autiiorities  in  electro- 
therapeutics, that  they  have  cultiirated  with  SBOOCSS  other  departments 
of  science. 

5.   7>/<r  I  i^n (trance  and  prrjudice  of  men  in  the  proftssi&n  and  cut  of 
it  have  helped  to  advance  the  cause  of  Etectra-Therapeutics. 

In  the  grand  evoktion  of  science,  the  eiril  as  well  as  the  good 
qualities  of  men  have  a  glorious  part  to  perfona.  With  high  wtsdom 
Dr.  Holmes  has  said,  '*The  ^[nonmce  of  people  is  as  modi  their 
possession  as  their  £uuily  Bible,"  and  should  be  respected  accordingly. 
An  opmion  may  be  false,  may  be  ottciij  iklse— nay  cootaio  not 
even  a  shadow  of  truth — awl  yet  be  coovenieoC,  aecesaary,  and  even  a. 
dispensable  for  the  human  race  at  certain  stages  of  its  derelopineBL 
f6 
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Prejudice  even,  and  narrowness  and  superstition,  may  be  divini--ly  ap.  ^ 
pointed  means  for  the  reformation  of  the  world. 

In  the  hisTory  of  deciro-lheraiieutics,  it  has  been  shown  over  and' 
over  again,  that  the  laity  have  been  emboldened  by  their  very  igno- 
rance to  make  experiments  from  which  the  true  scientist  would  have 
recoiled.  Such  experiments  have  been  of  service,  although  they  have 
subsequently  needed  the  aid  of  science  to  perfect,  expound,  develop,  and 
systeniize  these  results  and  make  them  of  genuine  service  to  the 
world. 

Most  of  the  pioneer  experiments  in  this  branch,  especially  during  i 
last  part  of  the  last  century,  were  made  by  monks,  priests,  physicists, 
and  natural  philosophers,  as  Hehl,  Kleist,  Volta,  Franklin,  etc.,  in 
short  by  almost  every  class  except  physicians  and  surgeons  ;*  and  in 
our  day,  and  especially  in  this  country,  the  banner  of  electro-therapeu* 
tics  is  still  borne  from  town  to  town  and  from  city  to  city  by  an 
innumerable  army  of  clergymen  and  teachers — professors  so  called — 
clairvoyants,  and  by  every  other  sort  of  "what  is  it "  conceivable. 

6.  77/^"  Advances  in  Electro-thtrapcutics  /tare  been  made  mostly  by 
Young  Men. — This  fact  also  is  not  peculiar  to  the  history  of  electro-thera- 
peutics. In  ever)'  sj)here  and  in  all  recorded  times,  the  original  thoughts 
and  deeds  of  the  world  have  been  the  work  of  youth  and  middle  life. 

The  golden  decade  for  original  pioneering — creative  work  that  leads 
humanity  and  raises  it  to  a  higher  plane — is  from  30  to  40,  the  silver 
decade  from  40  to  50,  the  brazen  decade  from  20  to  30,  the  iron 
decade  from  50  to  60  ;  and  so  on.  Strikingly  this  is  illustrated  in  the 
hi.stor>'  of  medicine  cver)'\vhere.  For  the  discoveries  of  vaccination 
and  the  circulation  of  the  blood  we  are  indebted  to  the  earlier  decades, 
and  so  of  nearly  all  the  leading  advances  in  science  and  art.  Con- 
cerning the  merits  of  the  rival  claimants  for  the  discovery  of  an- 
assthesia  there  has  been  much  dispute,  but  one  fact  is  undisputed — that 
Wells,  Morton,  and  Simpson  were  all  young  at  the  time  that  they  made 
the  experiments  that  have  immortalized  their  names. 

In  electro-therapeutics  as  in  all  other  branches  of  practical  medicine, 
special  and  general,  the  aged  are  loo  much  occupied  with  the  details 
of  practice  to  engage  in  original  research — even  when  they  have  the 
ability  and  disposition  to  do  so.  \ 

♦  Otologists  will  recall  the  fact  that  the  Eustachian  catheter  was  first  ased  by  ■ 
layman,  a  postmasler  in  France. 

f  The  general  suV>ject  of  the  rchition  of  age  to  •stMrk  has  been  discussed  by  Dr. 
Beard  in  a  recently  published  treatise,  and  will  be  discassed  in  greater  detail  w  1 
larger  work  now  in  preparation. 
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7.  EUttro4herap€uti<s  has  not  been  dn'elopfd  exclusively  by  any  §n* 
nation,  but  is  indebted  to  all  the  leading  nations  of  cix'iliseftiom.—^ 
France  and  Italy,  Germany  and  Russia,  Great  Britnin  ami  ihe  United 
States,  have  all  contributed  to  swell  the  march  of  this  important 
branch  of  science.  It  is  interesting  to  note,  that  Italy,  the  land 
of  Galvani  and  Volta,  and  which  may  be  said  to  have  been  the 
birth-place  of  electrology,  has  dropped  far  behind,  and  in  recent  limes 
has  done  but  little  in  the  way  of  original  research  or  poinilari/alion  ; 
in  this  as  in  every  otJier  branch  of  science  Uie  land  of  Galileo  has 
foUeo  from  her  ancient  glory.  France,  which  was  at  one  time  In 
advance  of  all  other  European  nations  in  eleciro-thorapcutic*i,  i*  now, 
excepting  Tripicr,  Onimus,  and  the  lamented  Legros,  as  behindhand  in 
this  as  in  nearly  every  department  of  modern  science.  Here  as  every- 
where, Germany  during  the  last  ten  years  has  led  tlie  science  of  the 
Continent. 

Duchenne  at  one  time  stood  not  only  in  the  advance  of  the  electro- 
therapeutists,  but  almost  alone  ;  and  during  the  last  ten  years  the 
writers  of  Germany,  England,  America,  and  even  Russia,  have  punhed 
on  far  in  advance  of  him  and  left  him  far  out  of  sight.  Even  the  latest 
editions  of  his  work  arc  at  least  ten  years  behind  the  times,  and  give 
but  a  very  narrow  and  imperfect  idea  of  electrotherapeutics.  The 
writings  of  the  English  and  Americans  arc  broader,  more  generous,  and 
on  the  whole  more  true  as  well  as  more  [>hj!osoi)hical,  than  the  writings 
of  the  Continental  authoriries,  not  exce]>ling  even  the  Germans. 

Rapid  Progress  of  Electro-therapeutics  in  America.— \h\x'\r\g  the 
past  few  years  America  has  contributed  more  to  clcctrcj-thcraf»cutic8 
than  any  other  nation,  if  not  indeed  more  than  all  others  combined. 
Of  the  six  principal  methods  of  using  electricity  in  the  treatment  of 
disease,  two— general  faradization  and  central  galvant/ation>-arc  pureljr 
American  ;  and  both  in  medical  and  surgical  ,  and  in  many  of 

the  special  diseases  included  under  them,  '  r.  M-arch  has  been 

bolder  and  more  successful  than  in  any  other  ctjimtry. 

The  progress  of  elcctro-thcraiMrutict  in  the  United  States  during  the 
past  five  years  is  a  £u:t  unpnr:il!eled  in  tlur  history  of  medicine.  Those 
who  have  entered  the  pr  vithin  the  pa*t  two  or  three  yeara, 

would  credit  only  with  gK<:«i  utuit^lty  a  detailed  history  of  our  earlier  \ 
experiences  in  intrododag  ifaia  department.     Wtlb  aonac  (cw  execpdoM^  j 
elsewhere  noticed,  ihose  who  need  eicctrtcily  half  a  dozen  years  %fp^ 
were  the  refose  of  sodety ;  when  you  had  seen  an  "eiectridan,'*  as  they 
were  called,  yoo  haii  toocbed  botton ;  whatetrer  of  vguatuyoc  «ras  below 
that  lerel  was  a  dark  aa !  deep  mkoows,  where  00  explorer  woald 
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presume  to  venture.     Ignorance  seemed,  in  short,  to  be  drawn 
electro-therapeutics,  as  particles  of  iron  are  drawn  towards  a 
Electro-therapeutics  was  allied  with  spiritualism,  mesmerism,  phrei 
and  we  know  not  how  many  other  absurdities. 

This  period  was   shortly  after   Duchenne   had   published 
edition  of  his  work  on  localized  electrization  ;  but  there  is  no 
to  believe  that  tlie  teachings  of  that  work  were  at  that  time 
familiar   to   the   majority    of    the   self-styled     "  electricians " 
country.     They  used  various  modifications  of  the  method  of 
and  general  faradization  blindly  and  recklessly,  though  oftentii 
brilliant  success.     Their  perfoninances,  however,  seemed  to  re 
than  invite  the  profession,  and  when  we  sought  for  scientific  insi 
on  this  subject  there  were  scarcely  any  that  could  give  it.    f  i 
reason  we  closely  studied  the  clinical  experience  of  those  who 
the  last  degree  ignorant,  and  the  assistance  thus  obtained  we  are  I 
to  acknowledge.     With  much  of  error  there  was   mingled  mi 
truth,  that  we  have  sought  to  sift  and  purify  and  bring  forth  to  tl 
light  of  science.     When  in  xS66  we  began  together  to  work 
subject,  the  difficulties  in  our  way  were  more  than  appalling  ; 
who  were  very  near  to  us,  and  whose  judgment  we  most  highly 
warned  us  that  to  touch  electricity  was  to  touch  pollution, 
therapeutics  was  believed  to  be  fit  only    for   those  who  were 
nothing  else.     To  apply  or  even  suggest  the  application  nf  plr, 
was  a  folly  if  not  a  crime. 

"  Well  enough  for  a  plaything,"  "good  for  nothing  except  in 
lysis,"    "a  good  thing  to  humbug  people  with,"    *'a  quack 
"  the  moral  effect  is  all  there  is  in  it," — in  some  such  compl 
phrases  as  these  were  the  profession  accustomed,  even  as  late 
early  part  of  the  present  decade,  to  express  their  opinion  of  the  t. 
of  electricity  as  a  therapeutic  agent.* 

One  would  as  soon  look  for  a  spectroscope  in  the  office  of  a 
cian  as  for  an  electric  battery,  and  those  who  professed  in  certain  caid 
to  employ  electricity,  depended  in  most  part  on  old  and  >ron»-ort 
magneto-electric  niacliines,  that  half  the  time  would  not  go,  and  tlX 
other  half  went  only  to  do  evil.  The  machines  in  the  market  wett 
mostly  to  the  laity,  who,  ignorant  as  they  might  be,  were  on  this  subj^ 

•  It  is  but  three  or  four  years  since  a  medical  friend  of  our«  in  a  ncij: 
a  geiitlcnun  of  liberal  education,  who  hod  given  attention  to  eiectm- 
began  to  treat  some  of  the  patients  of  his  doss,  in  a  dispensary  of  that  dtjr.  bf^ 
tricity.     He  was  notified  that  ?uch  treatment  was  displeasing  to  the  manafED* 
tonscquenlly  he  resigned. 
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better  informed  than  their  doctors.     Although  every  fool  was  not  ao 
electrician,  yet  every  electrician  \i2i&  prima  facie  a  fool. 

The  revolution  was  as  rapid  as  it  was  decided.  TTie  first  formal  pre- 
sentations of  the  subject,  superficial  as  they  necessarily  were,  before 
societies  and  in  medical  journals,  brought  to  light  a  latent  interest,  and 
longing  for  knowledge  on  that  subject,  that  we  did  not  believe  existed ; 
from  every  part  of  the  land  came  letters  of  encouragement  and  in- 
quiry. 

The  ablest  minds  in  the  profession  promised  to  co-operate  by  every 
possible  method  in  the  attempt  to  raise  electro-therapeutics  to  a 
science ;  and  most  faithfully  and  beyond  our  most  sanguine  hopes  they 
kept  that  promise,  and  some  of  them  have  made  and  are  making  origi- 
nal researches  in  this  departmenL 

All  the  prominent  medical  journals,  with  but  few  exceptions,  were 
glad  to  publish  articles  on  electro- therapeutics ;  and  reviews  of 
works  on  this  subject  manifested  the  same  fairness  as  that  which 
governed  the  consideration  of  any  other  special  branch  of  science. 
Science  is  not  a  matter  of  geography :  it  knows  no  destination  of 
language  and  no  boundaries  of  race ;  higher  than  the  mountains  and 
deeper  than  the  sea,  it  embraces  all  its  disciples  in  one  common 
brotherhood.  It  is  not  for  America  to  boast  of  her  scientific  achieve- 
ments as  a  nation,  but  only  as  a  part  of  the  great  world  of  science ;  but 
this  thought  we  may  surely  entertain,  that  it  is  eminently  fitting  that 
the  nation  which  first  brought  lightning  from  the  sky,  and  tlien  utilized 
it  as  the  fleet  messenger  of  civilization,  should  also  be  the  foremost  in 
popidarizing  electricity  as  a  remedy  in  disease.  In  no  other  land  had 
electrotherapeutics  sunk  so  low  as  here  ;  in  no  other  land  does  it  seem 
destined  to  rise  so  high  and  spread  so  far.  What  but  a  few  years  ago 
was  sown  in  weakness^  has  been  raised  in  power.  The  stone  which 
the  builders  rejected,  the  same  is  becoming  the  head  of  the  comer  in 
the  temple  of  science. 

This  progress  is  due  partly  to  the  enthusiasm  and  patience  of  the 
pioneers  in  this  department,  who  have  left  no  stone  onturned  to  force 
electro-therapeutics  on  the  attention  of  men  of  science,  partly  to  the  skill 
and  enter]>rise  of  the  mechanicians,  who  now  furnish  us  with  apparatus 
which  for  convenience  and  for  perfection  of  workmanship  are  unrivalled, 
and  not  a  little  to  the  harmonious  co  operation  of  general  practitioners 
with  specialiits,  both  in  original  researches  wth  a  view  to  discovery, 
and  in  the  popularization  of  what  has  been  discovered.  From  the  out- 
set of  our  electro-therapeutical  experience,  we  saw  that  the  value  of 
electrO'therapeiiticf  to  science  would  depend  on  the  extent  to  which  it 
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could  be  popularized  in  the  profession,  and  to  that  end  neither 
toil  have  been  spared ;  for,  while  it  is  true  here  as  everj'whcre 
secret  of  the  highest  success  lies  in  concentration,  and  that  those 
expend  their  entire  force  in  this  single  direction  should  attain 
exceptional  confidence  and  skill,  yet  to  confine  the  department 
scattered  few,  and  to  surround  it  with  an  atmosphere  of  niysli 
wonder,  would  be  a  crime  against  science.     Therefore  it  is  that  il 
simplification  of  apparatus  and  in  the  directions  for  using  them, 
the  clear  and  intelligent  study  of  the  diseases  for  which  electrici 
indicated,  it  has  been  sought  in  recent  times  to  make  clectio- 
tics  the  common  property  of  all    practitioners    everywhere 
the  mountains  and  on  the  prairies  equally  with  the  great  cenl 
science  ;    at  the  bedside  as  well  as  in  the  consulting  room.     la 
uniting  their  forces  and  dividing  their  labors,  general  practitioncil 
specialists  have  done  wisely  and  well ;  for  they  are  like  musicians 
ing  the  same  air,  though  on  different  instruments,  and  if  th*rc 
cord  it  is  because  one  or  the  other  strikes  a  false  note. 

The  profession  in  America  are  in  taste  and  in  talent  int< 
distinctively  iirat:tica!,  and  consequently  they  have  entered  the 
nient  of  elcctrulogy  from  its  practical  side  ;  they  have  entered  it 
eagerness  and  enthusiasm,  because  it  vastly  increases  their  po«tfi 
disease.     On  the  other  hand,  the  distinctively  scientific  rel 
electrology  have  been,  and  still  are,  altogether  too  much  ncgl 
America.      Electro-physics  and    electro-physiolog)',  and   the 
study  of  the  obscure  diseases  for  which  eleclricit)'  is  used,  are 
considered.     The  history  just  detailed  has  shown  that  the  scicntii 
the  practical  branches  of  this  department  must  to  a  certain  exti 
studied  together  and  in  their  relations  to  each  other,  and  that  fr 
earliest  era  of  electro-tlierapeutics  until  now,  the  advance  of  the 
tical  part  of   electricity  has  been  in  a  measure   dependent 
advance  in  the  scientific  part. 

8.  Many  of  the  important  deductions  of  recent  experiments  in 
physiolo;^}'  had  been  empirically  anticipated. 

Duchenne  discovered  that  irritation  of  the  skin  produced  sptA^ 
crackling,  and  a  burning  sensation,  and  that  electro -muscular  coB 
tractiliiy  and  electro-muscular  sensibility  were  producetl  by  irritation  01 
the  nerves  and  muscles,  by  experiments  on  wounded  patients ;  but  '^ 
electric  currents  had  been  used  to  irritate  the  skin  and  produce  nund 
lar  contractions  long  before  his  time.  His  earliest  work  on  loailii0 
electrization  was  presented  to  the  Academy  in  1847.  bat  the  eleoli 
current  from  a  faradic  apparatus  had  been  used  m  various  wa>^  fil 
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the  treatment  of  diseases,  many  years  before ;  and  sparks  from  frictional 
apparatus,  as  has  been  shown,  had  been  more  or  less  employed  by  a 
large  number  of  observers,  both  in  this  country  and  in  Europe,  for  over 
half  a  century.  Many  of  these  experimenters  were  empirics  in  the 
worst  sense  of  the  word ;  but  many  of  them  also,  with  all  tlieir  mani- 
fest ignorance,  were,  as  has  been  said,  not  uiifrequently  successful  in 
tlie  treatment  of  disease. 

During  the  last  century  there  have  been  a  large  number  of  experi- 
menters in  electrotherapeutics  who  in  all  their  lives  never  contributed 
a  line  to  the  literature  of  the  subject,  and  did  little  or  nothing  to  en- 
courage or  inspire  others  to  prosecute  the  same  studies,  and  who  yet 
not  only  achieved  most  decided  dierapeutical  results,  but  also  empiri- 
cally anticipated  the  deductions  of  the  ablest  electro-physiologists  of 
our  time. 

Very  many  of  our  so-called  discoveries  in  this,  as  in  so  many  other 
branches  of  science,  are  but  revivifications  of  ancient  theories  and 
practices,  refined,  modified,  and  developed  by  modem  research. 

It  is  quite  recently  that  it  has  been  established  by  the  observations 
of  ourselves  and  others  in  pathological  cases,  and  by  the  experiments  of 
Erb,  Biirchardt,  and  Zierassen  on  the  dead  subject,  that  the  electric 
currents,  when  applied  over  the  head  and  back,  passed  through  and  di- 
rectly affect  the  brain  and  spinal  cord ;  but  the  theory  that  ihey  do  thus 
affect  the  central  nervous  system  had  been  received  for  years,  and  has 
led  to  successful  results  in  practice. 

The  proposition  of  Du  Bois-Re>^nond,  that  the  electric  current,  after 
penetrating  the  tissues  beneath  the  epidermis,  diffuses  itself  through  the 
tissues  in  various  directions,  according  to  the  conductibility  of  the  parts. 
I  was  probably  antidpated  at  the  earliest  dawn  of  electro-therapeutic*. 
It  was  certainly  received  and  acted  upon  by  numerous  experimenters  long 
prior  to  the  elaborate  researches  of  Du  Bois-Reymond,  and  in  America, 
and  unquestionably  also  in  Europe,  has  been  for  years  the  empirical 
basis  of  electro-therapeutics. 

Electro-physiology  has  but  very  recently  demonstrated  tliat  the  audi- 
tory nerve  could  react  to  the  galvanic  current ;  yet  galvanism,  almost 
from  its  discovery,  has  been  used  for  diseases  of  the  auditory  nerve, 
and  in  occasional  instances  with  success.  So  also  the  recent  deduc- 
tions of  physiology  concerning  the  changes  of  irritabilit)'  that  take  ])lace 
when  a  nerve  is  subjected  to  the  action  of  the  galvanic  current,  have 
been  vaguely  and  unscientifically  anticipated  in  therapeutics  for  more 
tlian  a  quarter  of  a  centur)'.  Not  until  recently  was  it  demonstrated 
that  the  sympathetic  could  be  directly  affected  by  external  i 
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and  yet  the  sympathetic  had  been  directly  affected,  for  good  or  ill,  by 
all  who  had  prev^iously  made  applications  of  electricity  over  the  head, 
neck,  and  spine.  Very  recently,  indeed,  has  it  been  demonstrated  by 
physiological  experiments  of  ourselves  and  others  that  electrization  has 
a  marked  influence  over  nutrition,  but  improvement  in  nutrition  was 
one  of  the  earliest  as  it  has  been  one  of  the  most  constant  effects  thai 
have  been  obtained  from  electrical  applications. 

That  so  many  of  tlie  recent  deductions  of  physiologists  had  been 
anticipated  by  empirics  in  no  way  derogates  from  the  honor  and  the 
gratitude  that  science  owes  to  its  latest  discoverers.  Reckless  and 
misgm'ded  empiricism  alone  would  not  have  raised  electro-therapeutics 
to  a  science.  It  was  necessary  that  scientific  physicians  should  take 
electro  therapeutics  from  the  hands  of  the  ignorant,  reduce  it  to  order 
and  system  before  it  could  be  entitled  to  a  place  among  the  sciences. 

The  efforts  of  the  laity  alone  could  never  have  made  clectrothera- 
peutics  popular.  The  difficulties  and  disappointments  in  its  use  were 
great  ;  left  to  the  ignorant  alone,  it  would  have  died  a  natural 
death. 

9,  Electro-therapeutics  has  been  in  advance  of  electro  physiology. 
Starting  with  some  electro-physiological  assumption,  or,  more  frequently, 
widiout  any  theories  whatever,  men  have  blindly  and  empirically  resorted 
to  electricity  as  a  panacea  for  an  immense  variety  of  diseases,  and, 
ajnid  many  blunders  and  absurdities,  have  stumbled  on  many  impor- 
tant results.  The  truth  is,  that  among  the  advanced  minds  of  our  day 
the  conviction  is  ever  deepening  and  strengthening  tliat  therapeu- 
tics is  not  yet,  and  may  never  be,  an  exact  science ;  that  the  time  may 
indeed  never  come  when  it  shall  be  possible  to  treat  any  disease  by  the 
rule  of  three.  So  profound  is  our  ignorance  of  the  chemical  constitution 
of  the  body  ;  of  the  molecular  and  other  changes  that  incessantly  take 
place  in  health  and  disease  ;  of  the  modifications  which  these  changes 
undergo  by  the  infinite  and  varying  inllucnces  of  climate,  temperament, 
diet  and  mode  of  life  ;  and  so  limited  and  uncertain  is  our  knowledge  of 
the  nature  and  action  of  medicines,  that  we  may  well  resign  the  hope 
of  reducing  therapeutics  to  an  exact  science  to  distant  generations. 
The  number  of  those  in  the  profession  who  will  sub.scribc  to  the  em- 
phatic words  of  Niemeyer,  "  It  is  idle  to  hope  for  a  time  when  a  medi- 
cal  prescription  should  be  a  simple  resultant  of  a  computation  of  known 
quantities,"  is  rather  increasing  than  diminishing  with  the  advance  of 
science,  and  the  belief  is  extending  that  therapeutics  is  largely  a  matter 
of  empiricism  \  that,  while  we  are  waiting  and  toiling  to  perfect  out 
knowledge  of  pathology,  and  determine  it'  relation  to  therapeutics^ 
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which  for  many  years  was  only   disturbed  by  the  birth  of 
puncture  and  by  experiments  in  electro-surgery.      The   discovi 
induction,   in    1851-32,   and    the     modem    improvcnjent  in 
batteries,  have   inaugurated  a  new  revival  of  electro- thcrapcai 
which  the  enthusiasm  of  the  profession,  rendered  skeptical  by 
histoiy,  but  now  convinced  by  unequivocal  demonstration,  has  I 
slowly  and  reluctantly  enlisted.     This  last  revival,  it  is  safe  to 
will  be  as  much  more  extensive  and  permanent  than  any  of  its 
cessors,  as  its  growth  has  been  more  gradual  and  more  scientific. 

The  history  of  electro-therapeutics,  with  its  varied  aJtcrnatii 
failure  and  success,  and  its  ultimate  triumph,  may  not  inapdy  be  1 
pared  to  the  incoming  of  the  tide  upon   the  shore,   where,  all 
each  successive  wave  apparently  recedes  as  far  as  it  advances,  ft 
level  of  the  waters  is  ever  gradually  rising,  with  a  force  at  once 
and  irresistible. 

Prcsnit  popularity   and  peril  of  Electro-Therapeutics. — To 
who,  like  ourselves,  espoused  the  cause  of  electro-therapcut; 
humble,  and  early  shared  its  wretched  crust,  its  present  ixjpul 
as  surprising  as  it  is  satisfactory.     Both  by  general  practitioners 
specialists,  electric  treatment  is    prescribed  as  regularly  as  opii 
quinine. 

In  city  and  in  country  this  once  despised  agent  has  become  \ 
ionable,  that  the  laity  ask  for  it  and  expect  it  as  they  ask  and 
pills  and  powders. 

This  popularity  of  electro-therapeutics  is  complicated  with  01 
back  ;  there  is  danger  that  it  will  be  studied  too  much  as  an  art 
little  as  a  science,  and  that  it  will  be  made  too  common,  in  the  bad 
of  that  word,  and  be  thought  so  easy  that  the  wayfaring  man,  though  * 
fool,  may  not  err  therein.  There  is  danger  that  now,  as  of  old,  the  detail* 
of  the  applications  will  be  entrusted  too  much  to  the  patients  th 
or  their  friends  or  servants,  or,  what  is  but  little  better,  to  physi* 
know  nothing  of  electro-therapeutics  as  a  science  or  as  an  art.  !*• 
prevailing  impression  that  it  requires  no  brains  to  apply  electricity  is  lb* 
curse  of  electro-therapeutics.  Any  idiot  or  mere  infant  can  hold 
sponges  on  the  body  while  the  current  is  passing,  and  if  that  were  ill  rf 
electricity  in  medicine,  writers  on  this  subject  would  be  needless.  -A 
dose  of  quinine  or  opium  any  fool  can  give  or  take,  but  to  know  iHieSif 
give  these  drugs,  htnv  to  give,  and  when  not  to  give,  requires  ofteoUOtf 
the  best  skill  and  experience.  Similarly  with  electricity.  To  koowlhf 
management  of  the  apparatus  so  as  to  keep  them  always  in  worldoi 
order ;  to  know  the  diagnosis  and  pathology  of  subtle  and  obscmt  A 
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tases ;  what  fbnn  of  applkadoo  each  disease  requires ;  to  know 
to  asc  iocalixed  (aradlxation,  when  localized  galvanixatiozv  when  general 
faraditaxioo,  wbea  central  galvanizatioa,  when  electrol]rsis  and 
galv:uio-<aaterj,  and  bow  and  when  to  combine  two  or  more  of 
methods,  and  bow  to  vary  them  with  the  changes  in  the  patient's  < 
tioo ;  to  know  wben  to  modify  the  strength  of  the  cunent  according  1 
the  wants  of  each  case — all  this  know]ed|ge  oocnes  caHy  bf  < 
and  hard  stndj,  and  much  experience.  Books  alone  wiU  noC  leach  it, 
and  genins  will  not  supply  its  place.  The  present  dai^^  b  that  the 
Ist)les5»on  and  the  laity  may  become  disheartened  by  the  Cultures  that 
oocar  throo£^  the  excess  of  their  ignorance,  and  kick  out  of 
the  remedy  that  tfaey  are  wdcoming  with  open  arms.  This  eril  te 
deac^  nnst  be  counteracted  on  the  part  of  specialists^  at  least ;  and  < 
fOOBg  pnctitMnexs  who  can  command  the  leisure,  by  carefol  and  cos 
■dcptioqa  study  of  the  science  as  well  as  the  art  of  electnxtl 
pcotics. 

They  most  not  be  content  with  a  little  success  in  applying  dectrkityj. 
to  certain  cases,  bat  must  rise  to  that  higher  level  where  their  eyes  ( 
take  in  the  whole  field  of  electrology.     Let  them  aim  to  be  maste 
in  dectro-physics  and  electro-physiology,  as  in  the  art  of  applying  ( 
tricity.     Let  them  master  neurology  in  all  its  branches,  and  become 
experts  in  all  the  branches  of  modem  diagnosis. 

Under  the  direction  of  a  physician  who  thoroughly  knows  what  he  ts 
'  about,  a  patient,  or  the  friends  of  a  patient,  may  make  a  portion  of  I 
applkalioas,  in  cases  of  local  paralysis  or  rheumatism,  or  some  1 
aiecdoos  where  merely  routine  treatment  is  required  ;  but  in  our  i 
experience  nearly  all  attempts  of  this  sort  are  more  or  less  unsatis 
tory. 

In  diseases  of  any  moment,  little  dependence  can  be  placed  on  wh 
tfie  patients  do  fior  Ibeimehres,  or  in  their  own  households.  They  per- 
haps begin  well,  make  or  try  to  make  a  few  applications,  then  the 
apparatns  gets  out  of  order,  and  they  know  not  how  to  repair  it,  or  are 
too  iskdolent  to  make  the  attempt,  and  the  treatment  is 
Thb  has  been  onr  experience  so  often,  eren  in  dealing  with  inti 
gent  patients,  that  we  now  advise  doing  nothing  whatever,  to  any  1 
scientifir  dabbling  as  domestic  electro4herapex>tics.  ^Vben  we 
sider  that  there  are  six  difierent  methods  of  using  clectiicity — lo 
6a&Eation,  localized  gahranization,  general  faradization,  central 
«  vamxatioQ,  electrolysis,  and  galvano-cautery,  and  eaah  one  of  these  ; 
qotre  kxig  and  patient  study,  arvd  an  extended  experience,  before  its 
deoAs  can  be  masUnd;  that  some  morbid  condidoos  are  beneEted  by 
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one  method  and  injured  by  another,  and  that  some  are  best  treated  by 
a  number  of  tbero  combined ;  that  the  methods  must  frequently  be  variedJ 
during  a  course  of  treatment ;  and  ^ally,  when  we  consider  that  tbel 
scientific  and  succeSvsful  use  of  any  one  of  these  methods  requires  an 
intiiuate  knowledge  of  the  most  complex  and  obscure  diseases  known 
to  medicine,  and  that  a  certain  proponion  of  temperaments,  whether 
healthy  or  diseased*  will  not  bear  electricity  at  all,  however  administered, 
— when  w^e  consider  all  these  facts,  we  see  the  absurdity,  if  not  crimi- 
nality, of  prescribing  electricity  as  a  domestic  remedy. 

Those  physicians  and  surgeons  who  recklessly  and  indiscriminatel| 
recommend  patients  to  purchase  batteries  and  have  the  applicatior 
made  by  themselves  or  their  friends,  or  their  servants,  do  injury  in  vari- 
ous ways.  As  a  rule,  their  i>atients  receive  no  benefit  from  an 
which  righdy  used  might  have  done  them  good.  This  is  a  negative  tiv?! 
Jurj'»  so  called,  but  none  the  less  real  They  injure  themselves  by  failing 
to  help  their  patient ;  they  injure  the  profession  by  makii^  it  appear  that 
the  medical  use  of  electricity  is  a  simple  and  triiling  thing,  and  there- 
fore the  peculiar  province  of  ignorance  and  charlatanism. 

Afanufacturers  of  instruments,  who  were  formerly  dependent  solely  < 
mainly  on  the  patronage  of  the  laity,  are  reminded  of  the  tuX,  wfa 
we  are  in  a  position  to  state  with  authority,  that  the  present  positioa  < 
medical  and  surgical  electricity,  and  the  present  demand  for  : 
is  due  entirely  to  the  efforts  of  scientific  men,  working  by  sdent 
methods,  and  for  scientific  purposes.     Left  to  the  people  aloofe,  tius  i 
partment  would  never  have  achieved  popularity,  aiKl  if  crcr 
men  should  desert  it  and  it  should  be  relegated  to  the  laity,  it  will 
serve  to  die,  and  it  will  die ;  the  demand  for  machines  will  sink  to 
minimum,  and  the  manufacturers  will  find  their  occupation  gone. 

ITie  duty  of  the  profession  in  regard  to  this  matter  is  toj  t 
They  should  familiarize  themselves  with  electro-therapeutics,  so  as  I 
make  the  appUcations  themselves,  or  through    trained  asststantSy 
they  should  send  the  patients  to  those  who  are  masters  of  liie  nib^actj 
or,  in  case    neither  of  these  courses  is  practical)le,  they  afaoold 
rule  not  attempt  to  have  electricity  used  at  all,  or  should  coo&ae  I 
selves  mainly  to  its  use  as  a  palliative,  and  with  the  oadeiaiaofillg  1 
Xhty  are  submitting  to  a  necessarj'  eviL 


CHAPTER  II. 

GENERAL  THERAPEUTICAL   ACTION  OF  ELECIRiaTV. 

Electricity  in  its  Medical  Relations  is  a  Stimulating  Sedative  Tonic. — 
The  cause  of  medical  electricity  has  been,  and  still  is,  greatly  re- 
larded  by  vague  and  incorrect  notions  of  the  position  of  electricity  in 
the  materia  medica.  It  has  been  classed  as  a  stimulant,  and  up  to  the 
time  when  we  began  to  write  on  the  subject,  in  1866,  nearly  all  the 
writers  on  the  subject  had  assumed  without  question  or  discussion  that 
the  stimulating  action  was  the  main  if  not  the  only  action  of  electricity. 
The  idea  that  it  was  also  a  tonic  was  not  even  discussed.  The  first 
formal  presentation  of  the  use  of  electricity  by  the  method  of  general 
faradization  appeared  in  a  paper  by  Dr.  Rockwell,  based  on  consid* 
erable  experience  and  many  experiments,  and  entitled  "  Electricity  in 
the  Treatment  of  Rheumatic  Affections,"  and  published  in  the  Afedical 
Record  in  1866.  In  this  and  subsequent  papers  by  both  the  authors 
of  this  treatise,  the  tonic  effects  of  electricity  were  fully  demonstrated. 
Those  few  in  the  profession  who  used  electricity  at  all  had  gone  no 
further  than  Duchenne,  and  supposed  that  when  they  had  used  this 
agent  to  kick  up  palsied  muscles,  they  had  exhausted  its  therapeutic 
indications.  In  obedience  to  the  same  narrow  and  exclusive  dogma, 
electricity  was  supposed  to  be  exclusively  contraindicated  in  febrile  and 
inflammatory  affections,  and  was  supposed  to  be  of  value  only  in  a 
very  limited  range  of  subacute  and  chronic  diseases.  The  acceptance 
of  the  view  that  electricity  is  a  tontc  has  wrought  a  revolution  in 
electro-therapeutics.  An  agent  which  was  formerly  used  mainly  if 
not  exclusively  in  paralysis  and  rheumatism,  is  now  used,  and  with  far 
more  brilliant  success,  in  hysteria  and  affections  allied  to  it,  in  insanity, 
anemia,  neurasthenia,  in  nervous  dyspepsia,  neuralgia,  chorea,  in  the 
convalescence  fiom  fevers,  and  all  forms  of  pain  and  debility  whalso- 
ever. 

It  is  necessary  to  state,  at  the  outset,  that  in  classing  electricity  as  a 
ttimulating  sedative  tonic,  we  use  the  words  in  the  sense  in  which  tl»ey 
are  ordinarily  understood  and  employed  when  applied  to  other  reme- 
dies and  systems  of  treatment,  and  without  any  reference  to  the  mere 
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verbal  distinctions  that  may  be  or  have  been  made  in  the  classfiaooi 
of  materia  medica. 

Stimtilanfs  are  usually  understood  to  be  those  agents  which  quulfy 
excite  the  system,  and  temporarily  arouse  its  activity.     The)'  arc  liki 
the  goad,  which  forces  the  exhausted  beast  to  draw  the  bu- 
does  nothing  to  increase  his  strength;    or  bke  the  blast  of  ... 
nace,  which  increases  the  combustion,  but  adds  no  fueU     We  do 
accept  this  definition,  but  would  prefer  to  regard  stimulants      '" 
agents  that  correct,  intensify  or  economise  the  forces  of  the  -> 

Sedatives  may  be  severally  defined  as  those  agents  that  allay  tntO'l 
bility  and  pain  and  induce  natural  repose. 

Tonics  are  ordinarily  understood  to  be  those  agents  which 
improve  nutrition,  restore  enfeebled  functions,  invigorate  the 
and  permanently  increase  its  capacity  for  labor. 

It  is  because  electrization  is  capable  of  producing  at  once  the 
which  are  ascribed  to  all  these  classes  of  agents,  that  we  have 
it  a  stimulating  sedative  tonic. 

These  various  effects  are  not  always  matheraatical'.y  distinct,  bat  ill 
into  each  other.  The  stimulant  eflrct  may  at  once  lead  to  seJatioa, 
and  the  permanent  improvement  to  mntiilion  follows  afier  a  Icn::  'mie, 
and  is  in  part  a  result  of  both  stimulation  and  sedation. 

Of  these  three  orders  of  effects,  stimulation,  sedation  and  imi^ow 
ment  in  nutrition,  stimulation  is  the  one  that  is  of  the  least  impOftanflV 
and  yet  it  is  the  one  that  first  strikes  the  observation,  and  tlie  one  wliicb 
until  ver)'  recently  has  been  regarded  as  the  exclusive  test  for  tlie  u* 
of  electricity  in  medicine.  If  electricity  were  merely  a  stimulant  i 
would  scarcely  pay  to  use  it  in  the  treatment  of  disease,  for  its  nifC 
would  be  so  narrow,  and  the  result  of  its  use  even  in  that  narrow  ranjl 
so  temporary  and  unsatisfactory,  that  physicians  would  not  find  it  M^ 
their  advantage  to  spend  time  and  labor  in  making  the  ap:  ' 

The  ill  success  of  all  previous  attempts  to  popularize  ■  '^^ 

peutics  is  to  be  explained  in  part  by  the  fact  that  those  who  cxpenmeDtw 
with  it  looked  upon  it  as  a  simple  stimulant  and  nothing  more, »» 
recommended  it  accordingly.  If  it  depended  on  its  stimulating  actiott 
only,  the  cause  of  electro-therapeutics  would  have  little  vitality.  Tl* 
reason  why  electricity  is  now  growing  in  popularity  in  the  professioo* 
because  it  is  found  to  relieve  all  forms  of  pain,  and  to  add  lone  to  tfi 
system  and  improve  nutrition  after  ordinary  sedatives  or  tonics  hi** 
(ailed. 

Tonic  Effects  of  Electricity  best  elicited  by  General  Faraditatian  tm 
Central  Galvanization. — Reasoning  from  analogy,  as  well  as  from  exptfi^ 
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cncc,  it  would  seem  that  the  full  effects  of  electricity  on  the  human  body 
could  only  be  obtained  by  making  the  api>lications  all  over  the  person  and 
on  the  central  nervous  system  in  such  a  way  as  to  affect  the  whole  system. 
The  influence  of  any  drug  or  remedial  agent  on  the  constitution  can 
only  be  ascertained  by  bringing  the  7ahole  system  under  that  influence. 
A  man  who  habitually  washes  one  of  his  fingers  in  cold  water  ap. 
predates  the  tonic  effects  of  the  cold  only  in  that  finger ;  but  a  man 
who  habitually  takes  a  shower-bath,  or  plunges  into  a  tub  of  cold 
water,  realizes  powerful  tonic  effects  on  his  entire  system.  If  a  man 
daily  exposes  one  arm  to  the  sunlight,  while  the  rest  of  the  body  ia 
enclosed  in  a  dark  cell,  he  receives  direct  tonic  effects  only  in  the 
exposed  member ;  but  he  who  walks  fbrth  and  exposes  his  whole  per- 
son to  the  solar  rays  will  in  time  experience  the  full  tonic  effect  of  suft- 
light  on  his  system.  If  one  hand  or  one  foot  is  vigorously  and  regu- 
larly exercised,  the  muscles  of  that  limb  exliibit  the  tonic  effects  of  the 
exercise,  and  increase  in  hardness  and  perhaps  in  size  ;  but  if  all  the 
portions  of  the  body  are  vigorously  and  regularly  exercised,  all  the 
principal  muscles  will  increase  in  firmness  and  perhaps  in  size,  and 
tonic  effects  will  be  appreciated  by  the  entire  system. 

Just  so  with  all  other  tonic  remedies  and  influences.  If  quinine, 
strychnine,  iron,  arsenic,  oU,  etc.,  could  be  localized  in  a  single  limb, 
only  diat  limb  would  be  directly  influenced  by  them.  Their  tonic 
effect  is  only  obtained  by  administering  them  in  such  a  way  tliat  they 
will  penetrate  Qwcry  portion  of  the  body. 

Electricity  is  no  exception  to  this  law.  In  order  to  ascertain  its  full 
effects  on  the  system  at  large,  and  to  determine  its  position  among 
remedies,  the  applications  must  be  made  in  such  a  way  that  the  whole 
system  shall,  so  far  as  possible,  be  directly  or  indirectly  brought  under 
its  influence.  This  is  best  accomplished  by  the  methods  of  generat 
faradisation  and  central  galvanization  that  are  hereafter  to  be  ex- 
plained in  detail. 

In  making  a  detailed  comparison,  therefore,  between  the  effects  of 
electrization  and  the  effects  of  recognized  tonics — quinine,  iron,  str>xh- 
nine,  physical  exercise,  sunlight,  cold  bathing,  etc. — it  is  logically  neces- 
sary that  the  ap[)lications  should  be  so  given  that  the  whole  body 
should  be  brought  under  the  direct  influence  of  the  current,  just  as  it  is 
brought  under  tlie  influence  of  other  recognized  tonics  as  ordinarily  ad- 
ministered. 

The  immediate  effects  of  an  application  of  general  faradization  and 
centra!  galv^ization  are  often  a  feeling  of  enlivenment  and  exhilaration, 
drowsiness,  temporarj-  relief  of  pain,  and  increased  warmth  of  the  body. 
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The  same  effects  are  notably  observed  after  the  shower-bath,  a 

in  the  siirf,  a  brisk  walk  in  the  open  air,  or  from  the  administratiool 

alcohol. 

Like  other  stimulating  tonics,  general  faradization  and  central  1 
Vanization,  when  given  in  an  overdose,  or  in  too  great  strength  for  j 
constitution  of  the  patient  or  the  condition  of  the  system  at  the  I 
may  be  followed  by  second.ary  or  reactive  effects  that  are  both] 
agreeable  and  positively  alarming.  The  second  or  third  day : 
injudicious  application,  the  patient,  especially  at  the  outset  of  I 
ment,  may  experience  soreness  in  the  muscles,  an  indefinable  fecUn 
nervous  exhaustion,  irregularity  of  pulse,  and  sometimes  exacerb 
of  special  symptoms.  It  is  well  known  that  severe  physical  cxe 
will  produce  all  these  unpleasant  secondary  effects,  especially  b  ] 
tients  who  are  feeble  and  unaccustomed  to  muscular  exertion.  A  ( 
bath,  either  in  the  surf  or  at  home,  that  is  too  prolonged  may  give! 
to  all  these  sym]>toms  the  night  or  day  following.  Unpleasant  1 
raay  secondarily  follow  an  overdose  of  our  ordinary  stiraulantSy^ 
alcohol,  or  from  internal  tonics,  as  iron,  quinine,  strychnine. 

The  permanent  effects  of  general  faradization  and  central  galv 
tion  are  as  closely  analogous  to  those  whic^i  come  from  other 
remedies  and  systems  of  treatment  as  are  the  immediate  and 
aiy  effects. 

The  very  marked  permanent  effect  of  general  faradization  and  < 
galvanization  is  improvement  in  the  sleep.  Physical  exercis 
ing,  boating,  gymnastics,  bowling — cold  bathing,  and  the  ordiil 
internal  tonics  do  the  same,  though  not  so  markedly  and  with  far  1 
uniformity. 

General  faradization  and  central  galvanization  also  permanently  1 
prove  the   appetite  and  digestive  capacity,  and  regulate  the  bon 
Improvement  in  the  various  operations  of  digestiqn  is  one  of  the  1 
uniform  effects  of  our  ordinary  tonics,  and  it  is  for  that  purj>ose,  1 
perhaps  than  for  any  other,  that  they  are  employed. 

Like   other  tonics,   general    faradization  and    central  galvani* 
equalize  the  circulation.     This  effect,  when  it  immediately  follows  1 
application,  is  nearly  the  temporary  excitement,  similar  to  what  fd 
a  rapid  walk,  or  gymnastics,  or  alcoholic  stimulants,  and  soon 
away.     But  when  it  becomes  a  permanent  condition — when  the 
feels  less  annoyance  from  chilliness  and  cold  extremities — it  is  a  1 
ant  of  the  (m|:rovement  in  nutrition. 

Like  other  tonic  n  easures — gjnmastics,  active  games,  and 
amusements,  etc.,  etc. —general  faradization  and  central  galvanic 
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cause  the  muscles  to  uc%'elop  in  size  and  hardness,  And  sometimes, 
thougli  by  no  means  uniformly,  produce  imi^ortant  und  rapid  increase  in 
the  weight  of  the  body,  the  result  of  the  improvement  in  nutrition.  In- 
crease \n  weight  is  familiarly  observed  after  a  trip  of  pleasure,  a  vaca- 
tion in  the  countrj-,  a  voyage  by  sea,  and  very  frequently  indeed  from 
the  use  of  cod-liver  oil  and  strj'chninc.  General  faradization  some- 
times causes  the  patient  to  increase  in  weight  from  the  very  outset  of 
the  treatment,  and  to  an  extent  that  is  most  surprising. 

Like  other  tonics,  general  electrixation,  faradivcation  and  central 
galvanization,  in  their  ultimate  effects,  increase  the  disposition  and  the 
capacity  for  labor  of  the  brain  or  of  the  muscles.  This  is  indeed  the 
chief  end  to  which  all  tonic  treatment  is  directed,  inasmuch  as  dunin- 
ished  capacity  for  labor  is  perhaps  the  condition  for  which  tonics  arc 
most  frequently  advised,  and  it  does  not  usually  increase  the  capacity 
for  toil  until  it  has  first  improved  the  sleep,  the  appetite,  the  digestion. 
The  same  is  true  of  many  other,  if  not  all,  tonic  remedies. 

Experience  shows  that  general  faradization  and  central  galvanization 

arc  usually  contraindicated  in  those  diseases  and  for  those  temperaments 

bat  will  not  bear  any  of  the  internal  tonics.     We  find  almost  invariably 

liat  they  must  be  used  most  cautiously,  and  meet  with  their  worst  failures 

in  cases  where  quinine,  strychnine,  iron  and  stimulants  have  proved  to 

be  injurious. 

Whatever  difference  of  opinion  there  may  be  concerning  the  ration* 
ale  of  electrization,  or  whatever  dispute  there  may  be  concerning  th€ 
use  and  the  meaning  of  the  words  stimulant,  sedative,  and  tonic,  the 
majority  of  advanced  practical  electro-therapeutists  must  substantially 
endorse  the  emphatic  words  of  Prof.  Niemeyer  :  "  /a  the  canshmt  cur- 
rent we  have  a  means  more  powerful  than  any  other  of  modifying  the 
nutritive  conditions  of  parts  that  are  deeply  situated.^*  * 

Rationale  of  Electrization. — The  stimulating,  the  sedative,  and  the 
ionic  effects  of  electrization  are  resultants  of  the  various  and  diverse  ac- 
tion of  the  currents  on  the  tissues.  These  effects  have  been  defined  as 
mechanical^ physical^  catalytic  (increase  of  circulation  and  absorption), 
electrotonic  (modit'ication  of  nerve),  electrolytic  (electro-chemical  decom- 
positioo),  and  clumicaJ.  The  mechanical  effects  are  more  markedly 
observed  from  the  faradic  current,  the  other  effects  from  the  galvanic, 
Tliese  terms,  considered  as  explanation^  of  the  action  of  electrization, 
arc,  it  must  be  admitted,  quite  unsatisfactory,  since  they  are  incapable 


•  Text-Book  of- Practical  Medicine  ;  Translation  of  Drs.  Humphreys  and  Hack* 
ley,  voL  iL,  p,  290. 
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of  exact  and  complete  definition,  and  must,  to  a  certain  extent,  include 
each  other.  It  is  safe  to  say  that  we  know  as  much  of  the  raitonaU 
of  electrization  as  of  most  of  our  internal  remedies.  (See  chapter  on 
the  subject  in  Electro-Physiology.) 

Js  Elcdric'tty  Transformed  into  Nerve  Force  1 — ^Nearly  all  of  the 
earlier  and  very  many  of  the  latter  experimenters  in  electro-thcrapeu- 
tics  assumed  without  argument,  that  electricity  was  identical  with  the 
nerve  force,  or,  at  least,  that  it  was  directly  transformed  into  it.  Although 
the  weight  of  evidence  is  at  present  decidedly  against  the  theory  of  the 
identity  of  those  forces  (see  Electro-Physiology,  p.  207),  yet  the  assump- 
tion that  they  are  identical  or  can  be  directly  transformed  into  each 
other,  still  lingers.  The  taking  phrase,  '*  Electricity  is  Life,"  is  con- 
stantly used  as  the  war-crj'  of  rival  instrument  makers,  and  as  the 
motto  of  travelling  charlatans,  on  the  street  corners  and  at  country 
fairs.  Whatever  future  science  may  unfold,  we  are  now  forced  to  say 
that  not  only  is  there  no  evidence  that  electricity  is  identical  with  life, 
but  also  that  the  theory  that  electricity,  when  applied  to  the  body,  is  ever 
directly  transformed  into  nerve  force  has  few  if  any  facts  or  arguments 
in  its  favor.  That  the  body  can  be  charged  with  electricity,  and  that 
the  normal  electricity  of  the  body  can  be  changed  in  character  is  clear 
enough ;  but  it  does  not  follow  that  such  changing  of  electrical  condi- 
tion has  any  ilirect  influence  on  the  quantity  or  quality  of  the  nervous 
force.  Whether  galvanic  or  faradic  electricity  charge  the  body  to  any 
extent  in  passing  through  it  may  rightly  be  doubled ;  if  they  leave 
more  electricity  in  the  body  than  they  found  in  it,  it  must  be  by  virtue 
of  the  direct  influence  of  the  current  over  the  nutrition.  Electricity 
is  no  more  life  than  light  and  heat  are  life.  Like  light  and  heat  it  may 
sustain  life,  not  by  direct  transformation,  but  indirectly  through  its  in- 
fluence over  nutrition.  When  the  light  of  the  sun  falls  on  a  plant  or 
animal,  when  artificial  heat  is  applied  to  a  cold  and  paralyzed  limb, 
growth  is  stimulated  and  nutrition  improved,  but  not,  so  far  as  can  yet  be 
demon.strated,  by  any  direct  transformation  of  light  or  heat  into  nervous 
force.  Similarly,  also,  we  have  no  sufficient  evidence  as  yet  that  the 
varied  and  marvellous  improvement  in  nutrition  that  follows  electriza- 
tion is  the  result  of  anjlhing  more  than  the  indirect  improvement  in 
nervous  force,  which  is  a  part  and  result  of  the  general  improvement  in 
nutrition. 

In  the  time  and  manner  of  their  development  the  tonic  effects  of 
general  faradization  and  central  galvanization  resemble  those  of  other 
tonics  in  these  hoo  particulars. 

1.   They  are  De^)doped  Slowly. — This  slowness  of  development  marks 
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a  radical  distinction  between  tonics  and  mere  stimulants.  The  agreC' 
able  stimulating  effects  which  immediately  follow  an  application  of 
general  faradization  and  central  galvanization,  just  as  they  follow  the  use 
of  gymnastics,  walking,  active  games,  etc.,  soon  pass  off  or  merge  into 
the  permanent  or  tonic  effects  that  come  more  or  less  slowly,  and 
after  repeated  treatment. 

2.  Tliey  are  often  Dn>elopedlong  after  the  Treatment  is  Abandoned.^ 
Weeks  and  months  after  a  patient  has  taken  a  course  of  general  treat- 
ment by  general  and  central  electrization  he  may  continue  to  improve- 
in  his  general  condition,  even  though  very  little  i^rogress  may  have 
been  made  while  the  applications  were  being  received.  Just  so  the 
tonic  effects  of  a  trip  by  land,  of  a  sea  voyage,  of  our  ordinary  summer 
vacations,  are  sometimes  not  appreciated  until  after  we  have  returned 
home,  and  are  again  fully  at  work. 

Why  were  not  the  Tonic  Effects  of  Electricity  sooner  Discovered^ — 
The  inquiry  now  very  naturally  arises,  why  it  is  that  the  important  fun- 
damental fact — that  electrization  is  a  powerful  means  of  improving 
nutrition,  and  capable  of  producing  effects  on  the  constitution  similar 
to  those  which  are  familiarly  obtained  from  the  tonics  in  every-day  use — 
has  escaped  the  observation  of  the  very  able  writers  who  in  different 
lands  have  devoted  themselves  to  electro- tlierapeu tics,  until  we  called 
attention  to  them. 

The  inquiry  is  thus  answered  : — 

1.  Ek:cause  most  of  the  recent  scientific  observers  whose  writings  are 
authorities  in  electro- therapeutics  have  used  electricity  locally,  in  some 
form  of  "^localised  electrization.'* 

For  obvious  reasons,  that  have  already  been  presented,  localized  elec- 
trization must  produce  chiefly  local  effects,  which  although  they  are 
tonic  in  their  character,  so  far  as  tliey  go,  and  reveal  themselves  by 
marked  injprovement  in  the  local  nutrition,  would  not  ordinarily  sug- 
gest the  powerful  constitutional  tonic  powers  of  which  electrization  is 
capable  when  applied  all  over  the  body»  any  more  than  the  feeble 
effects  of  waahing  the  hands,  the  face,  or  the  feet,  or  any  single  member 
or  organ,  would  suggest  or  give  any  intimation  of  the  well-known  con- 
stitutional effects  of  surf-bathing  or  the  shower-bath. 

Indirect  constitutional  effects  result  from  localized  electrization  of  the 
central  nervous  system,  and  especially  from  galvanization  of  the  brain, 
ipine  and  cervical  sympathetic,  although,  as  will  be  seen,  they  are  not 
as  marked  as  those  which  follow  general  faradization  and  central  gal- 
vanization. 

It  is  a  very  tj.tcresting  and  significant  fact,  however,  that  since  the 
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introduction  into  medical  practice  of  the  methods  of  localizing  th< 
galvanic  current  in  the  nervous  centres  first  suggested  by  Remak,  elec- 
tro therapeutists  have  achieved  success  in  a  variety  of  diseases  asso- 
ciated with  debility  and  impaired  nutrition,  where  before  electrical 
treatment  was  supposed  not  to  be  indicated,  at  least  by  those  who  con- 
fined themselves  to  localized  electrization.*  A  suggestive  fact  relating 
to  this  subject  is  that  Gubler,  who  is  one  of  the  very  few  European 
writers  who  had  used  faradization  in  such  a  way  as  to  directly  affect  the 
whole  system,  also  remarked  tonic  effects  in  conditions  of  debility,  even 
from  his  very  awkward  and  imperfect  method. f 

2.  Because  the  immediate  effects  of  electrization  are  so  markedly 
stimulating  as  to  suggest  the  idea  that  it  is  simply  and  only  a  stimulant 
or  irritant.  In  some  of  the  cases  for  which  localized  electrization  are 
used  the  stimulant  are  the  effects  which  are  chiefly  desired.  But,  as 
has  already  been  shown,  many  of  our  ordinary  tonics  are  primarily 
stimulating,  and  so  much  so  that  they  have  been  classed  as  stimtdating 
tonics. 

There  is  little  question  that  if  many  tonics  in  ordinary  use,  had 
been  used  only  locally,  as  electricity  has  been  used,  they  might  have 
been  regarded  merely  as  stimulants. 

3.  Because  until  quite  recently  most  of  the  recognized  authorities 
and  writers  on  electro-therapeutics  of  modern  days  have  not  used 
electricity  in  those  diseases  and  morbid  conditions  where  tonics,  par 
excellence^  were  demanded.  They  have  used  the  agent  mainly  with  a 
view  to  stimulating  effects,  and  in  some  form  of  localized  electrization. 
On  this  principle  they  have  treated  paralysis,  rheumatism,  neuralgia, 
etc.  As  Ave  shall  demonstrate  hereafter,  besides  those  diseases  in 
which  the  efficacy  of  localized  electrization  is  fully  established,  the 
morbid  conditions  and  symptoms  for  which  electrization  is  most  rapidly 
and  permanently  successful,  are  precisely  those  in  which  we  use  our 
ordinary  tonics — such  as  dyspepsia,  nervous  exhaustion,  insomnia, 
hypochondriasis,  hysteria,  general  neuralgia,  chorea,  spinal  irritation, 
and  some  forms  of  paralysis  dependent  on  or  associated  with  general 
debility. 

Furthermore,  in  prosecuting  this  inquiry  we  must  not  overlook  two 
important  historical  facts : — 

I.    In  the  latter  part    of  the  last    and   early  part  of  the  present 

•  fO./c  the  writings  of  Remak,  Meyer,  Benedikt,  Niemcyer, 

f  De  I'Electrizationg^n^nile  consider^e  comine  agent  tonique  et  stimulant  dif. 
fusUile.  Buttetin  de  Thhrapeutique,  Decembrc,  1863.  (For  description  of  hi» 
method,  see  p.  246. ) 
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century  franklinic  electricity  and  the  current  of  the  voltaic  pile  were 
used  for  a  variety  of  diseases  for  which  we  now  use  tonics,  and  often- 
times with  some  success.  But  the  agent  was  used  mostly  empirically, 
without  any  definite  idea  of  its  nature  or  the  rationale  of  its  operation 
Partly  on  account  of  the  inconstancy  and  uncertainty  of  the  voltaic 
pile,  and  partly  on  account  of  the  many  failures  that  were  necessarily 
inevitable  with  such  poor  apparatus  and  desultory  experience,  partly 
also  as  a  reaction  from  the  extravagant  hopes  and  promises  of  the 
earlier  experimenters,  this  system  of  treatment  soon  fell  into  disrepute. 
2.  Tonic  effects  have  been  obtained  from  various  methods  of  em- 
plopng  electricity  by  non-professional  men — charlatans  and  outsiders 
— in  the  United  States  at  least,  for  many  years,  although  very  few  of 
them  have  krown  or  suspected  the  nature  of  the  agent  they  dealt 
with,  or  of  the  diseases  they  have  treated. 


CHAPTER  III. 

GENERAL    SUGGESTIONS    IN    REGARD   TO   THE   USE   OF    ELECTRICTTV 
AS   A   THERAPEUTIC   AGENT. 


Before  describing  in  detail  the  different  methods  of  using  elec- 
tricity, it  may  be  well  to  offer  some  suggestions  of  a  general 
character  that  will  apply  to  all  the  different  methods  of  electrization, 
localized  and  general,  with  the  faradic  and  with  the  galvanic  currents. 
It  is  of  the  first  importance  that  those  who  are  beginning  to  study  and 
practice  electro- therapeutics  should  have  correct  notions  not  only  of 
the  general  therapeutical  action  of  electricity — the  principle  on  which 
it  is  used — but,  also,  of  the  general  laws  of  its  aj>plication.  Such 
knowledge  fits  one  to  intelligently  study  the  special  methods  of  appli- 
cation, and  the  treatment  of  the  various  diseases.  A  want  of  this  knowl- 
edge is  a  constant  hindrance,  and  not  unfrequenlly  utleriy  discourages 
the  beginner  in  tliis  science. 

General  Judications  for  the  Medical  use  of  Electricity. — An  error 
that  appears  prominently  in  nearly  all  the  works  on  medical  electricity, 
and  one  that  seriously  interferes  with  the  progress  of  healthy  and  philo- 
sophic electro-therapeutics,  is  the  habit  of  treating  the  name  of  ihe 
disease  rather  than  the  condition  of  the  system  of  which  the  symptoms 
are  the  result  and  expression.  Men  ask  whether  electricity  is  good  for 
this  disease  or  that  disease  without  any  well-defined  idea  of  the  position 
that  this  powerful  agent  occupies  in  the  armory  of  therapeutics.  It  should 
be  understood  tliat  electricity  is  a  powerful  stimulating  sedative  tonic,  and 
as  such  is  indic;itcd  in  any  subacute  or  clironic  disease,  where  stimulat- 
ing, sedative  or  tonic  effects  are  indicated,  and  without  reference  to  the 
name  of  the  disease  by  which  the  condition  expresses  itself  With  this 
general  principle  before  us,  we  cease  to  wonder  that  electricity  is  used 
and  recommended  in  such  a  wide  variety  of  diseases,  many  of  them  of 
an  apparently  o[)posite  character,  and  we  see  the  injustice  of  that 
criticism  which  condemns  electricity  because  it  is  good  for  so  many 
different  affections.     Just  as  quinine,  which  is  not  a  specific  for  any 
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disease — unless  it  be  cliills  and  fever — is  yet  used  freely  as  a  tonic  in 
an  indefiniie  number  of  diseases  where  tonic  effects  are  required,  so 
electricity,  which  is  not  a  specific  for  any  one  disease,  is  yet  used  with 
good  results  ill  any  number  of  diseases  where  local  or  general  nutrition 
is  impaired  and  needs  to  be  improved.  The  indications  for  the  use  of 
electricity  are  wider  than  the  indications  for  the  use  of  quinine,  for 
the  threefold  reason  tliat  it  has  a  powerful  sedative  action  which 
quinine,  or  indeed  any  other  single  tonic  remedy  does  not  have  ; 
that  its  stimulant  and  tonic  effects  are  more  decided,  and  that  its 
effects,  sedative,  siimuhiting  or  tonic,  can  be  confined  mainly  to  certain 
organs,  nerves  or  muscles,  or  be  distributed  through  the  whole  body,  as 
may  be  thought  necessary.  When  the  propriety  of  using  electricity  in 
any  medical  case  is  discussed,  the  first  questions  to  be  answered  are  : 

1.  Is  there  any  pain  to  be  relieved  ? 

2.  Is  tliere  any  need  and  chance  for  improvement  in  local  or  general 
nutrition  ? 

If  these  questions  can  be  answered  in  the  affirmative,  then  electricity 
in  some  mode  of  application  may  be  administered.  The  result  of  the 
treatment  will  depend  on  the  skill  with  which  it  is  conducted,  on  the  nature 
of  the  lesion  and  length  of  lime  that  it  has  existed,  and  on  the  agree- 
ment or  disagreement  of  the  temperament  of  the  patient  with  elec- 
tricity. 

Stage  of  Disease  when  Electrical  Treatment  is  Indicated. — Electricity  is 
indicated  mainly  for  subacute  and  chronic  diseases;  at  least  the  best  results 
that  come  from  the  use  of  this  remedy  have  thus  far  not  been  obtained  in 
the  acute  stages  of  disease.  Aiid  yet  there  is  no  question  diat  in  the 
acute  stages  of  rheumatism  faradization  is  of  value,  and  there  is  reason 
to  believe  that  future  experiments  will  show  that  relief  of  pain,  of 
sleeplessness,  and  of  general  nervousness— with  perhaps  permanent 
benefit — may  be  obtained  in  the  active  stages  of  febrile  and  intlannnatory 
affections.  The  chief  theoretical  objection  to  the  employment  of 
electricity  in  acute  diseases  is  the  fact  that  the  tonic  effects  of 
electrical  treatment  require  so  much  time  that  any  disease  that  runs 
but  a  limited  period  will  not  be  able  to  appreciate  them.  This  objec- 
tion does  not,  however,  apply  to  the  stimulating  or  sedative  effects  : 
these  can  be  felt  instantaneously  or  witliin  a  few  hours  after  an  application. 
Electricity  is  certainly  one  of  the  most  potent  of  sedatives,  and  in 
very  many  acute  affections  sedatives  are  constantly  indicated,  j 

The  old  notion  that  electricity  wasmercly  a  stimulant  aided  in  forming 
in  the  professional  mind  another  very  gross  error,  that  in  active  infl;im- 
raations  electricity  is  contra-indicated.      Experience  proves   every  day 
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that  the  sedative  effects  of  electricity  are  exceedingly  gratefuJ  ioi 
the  acute  stages  of  sprains  and  diseased  joints. 

The  dogma  that  in  hemiplegia  from  cerebral  effusion  it  is  bctterl 
wait  for    several    months  until  all  the  active  irritation  has  suhaidntj 
before  beginning  electrical  treatment — which  error  is  yet  maintained  bf  I 
many  of  the  ablest  writers  on  medical  electricity — -took  its 
the  erroneous  conception  of  the  position  of  electricity  in  tin-        ^ 
niedica. 

It  is  difficult  to  conceive  of  any  actively  inflamed  or  febrile 
where   electricity,  in  the  hands  of  one  who  knows  how  to   use  will 
abusing  it,  may  not  be  used  without  injury  even  if  it  does  no  gooij 

Differential  Action  of  the  Poles ^  and  of  the  Ascending  and  Descet 
Currents. — This  is  a  subject  on  which  much  has  been  thought  andl 
ten,  and  concerning    which  opinions   have   been  expressed  witbl 
absoluteness  not  justified  by  experience.    Almost  the  first  question^ 
the  beginner  in  electro-therapeutics  asks,  is,  "  Which  pole  shall  It 
as  though  that  were  the  fundamental  problem  to  be  solved, 
question  thai  is  put  in  almost  the  same  breath  is,  "  Shall  the  ciu 
be  ascending  or  descending  ?  " 

These  queries  seem  to  the  novice  to  be  of  supereminent  iii]j»ona 
and  he  is  annoyed  that  his  instructor  or  text-book  does  not  by  ( 
such  positive  rules  on  the  subject  as  to  set  his  doubts  at  rest  forever,  J 
after  years,  when  he  shall  have  had  much  experience,  he  will  Icaxn  ( 
two  facts :  Firsty  that  the  question,  which  pole  or  which  direction  < 
current  to  use  in  any  given  case,  is  one  of  various  complexity,  andc 
not  always  be  solved  by  a  dictum.    Secondly,  he  will  learn  that  the  | 
tical  therapeutical  difference  in  the  action  of  the  pole  or  of  the  i 
jng  and  descending  currents,  is  much  less  demonstrable  than  he  i 
posed,  and  that  the  special  directions  for  each  disease  are  not  at  1 

The  difference  of  the  physiological  action  of  the  poles  of  thegal«i 
current,  when  applied  to  the  body,  is,  as  we  have  shown  under  cl« 
physiology,  of  a  radical  character.     It  has  specially  been  shown 
the  anehitrotonic  region  at  the  positive  pole  is  in  a  condition  of  i 
ished,  while  the  catelectrotonic  region  near  the  negative  pole  is  i 
condition  of  increased  irritability.      Moreover,  it  is  easy  of  demofl 
tion  that  the  negative  pole  of  both  currents  is  more  painful   thaA'^ 
positive,  and  this  fact,  as  we  have  seen,  enables  us  to  dislinguu 
poles  in  cases  of  doubt,  or  when  we  do  not  understand  the  i 
tion  of  the  battery.     Still  further  we  have  seen  that  on  the  nen4 
special  senses — notably  on  the  optic  and  auditory  nerves — the 
have  a  differential  action  of  a  specific  and  demonstrable  cbaractc 
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When  now  we  leave  physiology  and  enter  into  the  complex  reahn 
of  therapeutics,  we  find  that  it  is  usually  better  that  irritable  parts  of 
the  surface  of  the  body  should  be  treated  mainly  by  the  positive  pole- 
This  relative  position  of  the  electrodes  is  not  usually  departed  from  in 
general  faradization  and  central  ga  vani/;ation,  for  the  reason  that  the 
uiajority  of  cases  that  require  these  methods  of  treatment  are  abnor- 
mally irritable. 

The  negative  pole,  being  more  irritating  than  the  positive,  is  indicated 
when  it  is  desired  to  cause  contraction  in  a  paralyzed  muscle,  and  the 
difference  between  the  i>oles  in  producing  muscular  contraction  is  chief- 
ly a  difference  of  degree  only,  since  both  poles  cause  coniraciion  when 
placed  on  the  body  of  a  muscle  or  over  its  motor  point,  but  with  the 
same  strength  of  current  a  more  vigorous  contraction  will  be  produced 
by  the  negative  than  by  the  ()ositive  pole. 

In  regard  to  the  ditfereniial  action  of  the  ascending  and  descending 
currents  there  has  been  an  almost  infinite  amount  of  shallow  observation 
and  impulsive  writing;  for  how  the  differential  therapeutical  or  differ- 
ential physiological  action  of  the  ascending  and  descending  currents  is 
to  be  rightly  discriminated  from  the  action  of  the  poles  we  cannot  well 
understand. 

The  object  of  applying  electricity  to  the  body  in  disease  is  to  im- 
prove nutrition,  and  nutrition  is  a  process  of  infinite  complexity ;  in- 
deed, the  most  complex  and  most  mysterious  of  all  the  wondrous  pro- 
cesses of  nature.  He  who  solves  it  will  become  immortal,  both  as 
the  greatest  scientist  and  the  greatest  theologian  of  history,  leaving 
Newton  and  Calvin  far  behind.  The  relief  of  pain,  the  reduction  of 
tumors,  the  increase  in  si?:e  of  muscles — all  these  everyday  results  of 
electrization  are  signs  of  improvement  in  nutrition,  and  it  is  impossible 
to  exhaustively  explain  them  by  anything  we  now  know  of  electro-phy- 
siolog)'.  Any  man  who  attempts  to  base  all  his  electro-therapeutical 
procedures  on  the  laws  of  elcctrotonos  will  find  himself  involved  in  com- 
plications tiiat  have  no  end. 

The  one  practical  rule  in  regard  to  the  poles,  which  we  have  arrived 
at,  is  that  i\\c  positive  pole  is  the  less  irritating.  In  accordance  with  this 
rule  we  place  the  negative  pole  at  the  feet  or  coccyx  in  general  faradi- 
zation, and  at  the  pit  of  the  stomach  in  central  galvanization,  so  that 
the  head,  neck,  and  spine,  and  other  sensitive  parts  affected  may  be 
under  the  influence  of  the  positive  pole. 

That  differential  effects — physiological  and  therapeutical — may  arise 
from  a  difference  of  current  direction  is  not  at  all  improbable — cer- 
tainly no  one  can  well  pro^e  the  negative — but  we  sec  no  way  of 
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demonstrating  such  differential  effect.  In  every  attempt  that  we  make 
the  dificrential  polar  effect  comes  in  to  complicate^  and  in  our 
judgment,  to  override  any  differential  effect  there  may  be  in  current 
direction.  Take  the  familiar  experiment  :  an  electrode  in  each  hand  j 
in  one  arm  the  current  will  be  ascending,  in  the  other  descending. 
If  now  one  arm  were  differently  affected  from  the  other,  have  we  any 
right  to  rush  to  the  conclusion  that  such  differential  effect  is  due  to  the 
fact,  that  in  one  arm  the  current  is  ascending,  in  the  other  descending  M 
Is  it  not  far  more  piobable  that  such  differential  effect  is  due  to  the  ■ 
fact  that  the  positive  pole  is  in  owo,  hand  and  the  negative  in  the  other  ? 
The  diffcrenti;il  effect  of  the  poles  can  be  demouslrated  m  various 
ways,  and  our  knowledge  of  it  inftiiences  our  practice  ;  the  differential 
effect  of  current  direction,  if  it  be  not  entirely  a  myth,  is  to  say  the 
least  undemonstrated. 

Take  again,  for  illustration,  the  method  of  galvanizing  the  spine.  If 
the  negative  pole  be  placed  at  the  nape  of  the  neck,  and  the  positive  at 
the  lower  end  of  the  spine,  the  current  is  ascending,  and  if  a  certain 
effect  is  produced,  or  believed  to  be  produced,  such  effect  is  attributed 
to  the  fact  that  the  current  is  ascending.  The  upper  part  of  the  cord 
is  under  the  influence  of  the  negative  pole,  and  the  lower  part  of  the 
cord  is  under  tlie  influence  of  the  positive  pole,  and  what  evidence  is 
there  that  there  rs  any  differential  action  of  current  direction  aside  from 
the  differcnlial  polar  action  ? 

Similar  difficulties  beset  us  when  we  place  one  pole,  say  the  negative, 
on  some  indifferent  point,  as  the  feet,  or  thigh,  and  pass  the  positive 
up  and  down  the  spine.  Have  we  any  right  to  attribute  the  effect  pro- 
duced to  the  fact  that  the  current  is  descending,  when  we  know  that  the 
positive  pole  has  a  very  different  physical,  physiological  and  therapeuti- 
cal effect  from  the  negative  pole,  without  any  regard  to  current  lUrec- 
tion,  while  we,  as  yet,  do  not  know  that  the  ascending  current  has  a 
different  effect  from  the  descending  current,  without  any  regard  to  the 
differential  polar  effect.  One  thing  is  clear  and  indisputable,  and  that 
is  that  the  differential  effect  of  current  direction,  assuming  that  it 
exists,  is  largely  overborne  by  the  differential  polar  effect.  This  is  true 
of  both  currents.  A  crucial  experiment  for  determining  the  question  of 
the  differential  action  of  the  ascending  and  descending  currents,  would 
be  to  experiment  on  a  piece  of  nerve  in  a  physiological  condition,  all 
parts  of  which  give  the  same  response  to  electrical  excitation,  and  are 
known  to  have  the  same  function. 

If  such  a  nerve-piece  could  be  supposed,  and  if  the  positive  pole 
could  be  placed  on  the  middle  of  it,  and  the  negative  f  )le  at  the  peri^ 
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pheral  end,  we  should  have  a  descending  current ;  the  positive  pole  re- 
maining at  the  middle  and  the  negative  transferred  to  the  central  end 
of  the  nerve,  would  give  the  ascending  current.  If  now  the  effect  after 
these  procedures  should  be  different,  the  strength  of  current,  pressure 
employed,  and  time  of  stimulation  being  \i\c  same,  and  if  the  effect  of 
l)revious  stimulation  could  be  eliminated  before  the  second  part  of  the 
experiment  is  made,  we  should  have  a  conclusive  demonstration  of  the 
differential  jihysiological  effect  of  the  current  direction.  But  such  an 
experiment  is  ideal,  and  the  complications  are  too  great  for  science  at 
present  to  make  it  actual.  In  all  physiological  experiments  of  this  kind 
differential  polar  effect  complicates,  if  it  docs  not  neutralize,  the  dif- 
ferential effect  of  current  direction. 

In  therapeutics,  the  complications  of  the  subject  are  all  the  greater, 
because  all  the  statements  that  have  been  and  are  made  in  regard  to 
the  advantages  or  disadvantages  of  the  ascending  or  descending  cur- 
rent in  this  or  that  direction  are  of  little  worth. 

The  practical  rules  on  tliis  subject  to  which  experience,  enlightened 
and  fortified  by  physics,  physiology,  and  pathology,  have  led  us,  may  be 
thus  recapitulated. 

1.  The  stimulating,  sedative  and  tonic  effects  of  electricity,  faradic 
and  galvanic,  are  obtained  by  either  pole,  or  by  both  combined  or  in 
alternation,  the  difference  in  their  therapeutical  action  being  merely 
a  difference  of  degree. 

2.  In  cases  where  the  sedative  effects  are  more  indicated  than  the 
stimtilaling  effects,  the  positive  pole  is  preferable  to  the  negative,  since  it 
is  less  irritating,  and  with  the  uninterrupted  galvanic  current,  produces 
caielectrotonos,  or  a  condition  of  diminished  irritability. 

In  the  great  majority  of  the  nervous  cases,  where  general  faradization 
or  central  galvanization  are  used,  sedation  is  more  needed  than  stimula- 
tion ;  hence  the  general  rule  to  use  the  positive  pole  in  these  methods. 

3.  In  cases  where  the  stimulating  effects  are  more  indicated  than  tho 
sedative  effects,  the  negative  pole  is  preferable  to  the  positive,  since 
it    is  more   irritating,  and  with   the  galvanic  current  produces    cat- 

ectrotonos,  or  increased  irritability. 

For  those  temperaments,  now  and  then  met  with,  that  are  exceedingly 
tolerant  of  electricity,  who  can  bear  it  in  any  doses,  however  given,  and 
for  cases  of  local  or  general  anaesthesia  and  paralysis  of  motion,  whatever 
may  be  the  pathological  cause,  stimulation  is  more  needed  than  sedation  ; 
hence  it  is  an  advantage  in  such  cases  to  use  the  negative  pole,  and  in 
some  cases  "  voltaic  alternatives,"  which  are  more  irritating  than  eithei 
pole  when  used  alone. 


2^58      SEAT  OF  DISEASE  AND  EFFECTS  TO  BE  TREATED. 


Inasmuch   as  we    cannot  tell  the   degree  of  electro-suscepti\ig 
a   patient  until   we  have  tested  it,  it  is  well  always  to  begin 
faradi/.alion  and  central  galvanization  with  the  positive  pole.     Thiii 
is  especially  important  in  the  United  States,  where  the  majority  of  { 
patients  of  both  sexes  are  susceptible  ond  nervous  and  require  i 
more  than  stimulation. 

B0//1  thi  Seat  of  th(  Dismse  and  the  Efftcis  of  the  Disease  i 
Treated. — The  query  whether  in  localized  electrization  we  should<] 
tlie  treatment  mainly  to  the  seat  of  the  disease — the  pathological  la 
or  to  the  seat  of  the  prominent  symptoms — the  effects  of  the  Icsloo 
given  rise  to  some  discussion. 

It  sounds  very  practical  to  advise  the  treatment  of  the  symp 
without  regard  to  the  seat  of  the  lesion.     It  sounds  very  scieotifi 
claim  that  the  electricity  should  be  confined  to  the  exact  seal  of  1 
disease.     Now  the  wise  physician  is  both  scientific  and  practical,! 
•keeping  clearly  before  the  mind  this  central  thought,  that  the  Ic 
action  of  electricity  is  that  of  a  stimulating  tonic  with   a  pen 
sedative  influence,  we  can  readily  discern  the   truth  on  this  sub 
Both  the  seat  of  the  disease  and  the  seat  of  the  symptom  shou 
treated,  for  in  both  there  is  need  of  improvement  in  nutrition, 
this  view  common  sense  and  experience  accord.      In  hemiplegia,  1 
typical  example,   the  lesion,  the  seat  of  the  disease,  is  in  thel 
while  the  leading  symptom  is  in  one-half  of  the  body,  which  is  ] 
lyzed.     The  muscles  of  that  side  become  atrophied,  and  the  nc 
become  anxsthetic.     To  restrict  the  electrization  to  the  brain,  and  loi 
side  of  it  where  the  lesion  is  or  is  supposed  to  be^  is  so  imposing  tfiv 
scientific  in   theory  that  electro-therapeutists   of  limited  cxp 
might  advise  this  treatment  exclusively.      To  purify  the   stream,  I 
purify  the  fountain.     Lay  the  axe  at  the   root  of  tlie  tree.     All  I 
analogies  arc  beautiful,  but  they  are  fallacious.     The  symptoms  of| 
disease  will  not  disappear  when  the  disease  disappears.     The 
remain  after  the  clot  is  absorbed.     In  the  larger  number  the  ba 
the  body  is  as  much   the  seat  of  the  disease  as  the  brain;  fotj 
several  parts  of  this  human  machinery  are  all  members  one  of  ao 
When  one  suffers  all  suffer.    To  confine  the  treatment  to  the  panljl 
muscles  is  also  irrational,  although  the  purely  peripheral  ireatmentl 
far  more  successful  tlian  purely  central.     If  we  are  to  be  exclusive  \ 
one-sided  and  theoretical  in  our  treatment,  it  is  better  lo  cxclu 
treat  what  are  called  the  symptoms  or  effects  of  the  disease,  an 
neglect  the  brain  altogether.     But  it  is  the  part  of  the  higher  wit 
to  use  both  methods — central  and  peripheral,  to  attack  the  seat  < 
lesion  and  the  seat  of  the  symptom. 
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The  most  satisfactory  results  in  hemiplegia  come  from  a  combination 
of  peripheral  and  central  treatment.  Similarly  with  diseases  of  the 
spinal  cord,  as  congestion,  sclerosis,  resulting  in  paralysis  of  motion 
or  sensation.  Purely  central  treatment — galvanization  of  the  spinal 
cord — is  not  sufficient  j  the  symptom  also,  the  paralysis,  must  be 
treated  directly  in  the  muscles  and  nerves  where  it  is  most  prominent. 
In  diseases  of  the  spinal  cord,  treatment  confined  to  the  seat  of  the 
disease  does  more  good  than  in  diseases  of  the  brain,  for  the  reason 
that  the  cord  is  more  accessible  to  the  current,  its  surface  being  more 
exposed,  as  it  were,  throughout  its  entire  length.  But  those  who 
content  themselves  with  treating  diseases  of  the  cord  by  simple  galvani- 
zaiion,  to  the  exclusion  of  peripheral  treatment,  make  a  grave  mistake  ; 
they  fail  where  they  ought  to  succeed,  and  they  succeed  only  in  a  small 
percentage  when  a  large  percentage  was  possible.  Cases  of  ataxia, 
as  well  as  of  motor-paralysis  need  peripheral  treatment  with  the  moist 
sponge  or  wire  brush,  or  both,  as  well  as  galvanization  of  the  spine. 
On  the  same  principle  our  method  of  central  galvanization  is  some- 
times more  effective  in  diseases  of  the  cord  and  brain  than  localized 
galvanization  of  these  parts,  as  usually  practised.  In  neuralgia  also, 
where  the  seat  of  the  disease  is  in  the  nerve-centres,  the  application 
should  be  made  both  to  the  tender  and  painful  points,  as  well  as  over  the 
root  of  the  nerve,  and  a  very  gooil  method  of  application  is  to  place 
one  pole  over  the  origin  of  the  painful  nerve,  as  near  as  possible,  and 
the  other  over  the  tender  point  and  along  the  whole  course  of  the 
nerve.  Frequently  neuralgia,  as  we  shall  see,  yields  to  our  method  of 
central  galvanization — where  not  only  the  painful  and  diseased  parts,  but 
also  the  whole  central  nervous  system,  whether  healthy  or  not,  is  treated, 
— when  it  does  not  yield,  at  least  as  rapidly  or  as  surely,  to  local  appli- 
cations either  central  or  peripheral. 

Healthy  parts  may  be  benefited  by  Electrization, — There  is  a  kind  of 
unconscious  idea  abroad  among  electro-therapeutists  that  in  applying 
electricity  to  the  body  it  is  necessary  to  avoid  acting  on  healthy  parts, 
and  that  the  direct  effects  of  the  current  should,  so  far  as  possible,  be 
confined  to  the  part  that  is  supposed  to  be  in  a  diseased  condition. 
This  erroneous  doctrine  takes  its  origin,  first,  in  the  teaching  of 
Duchenne  and  other  advocates  of  localized  electrization,  and,  secondly, 
in  the  narrow  and  incorrect  ideas  of  the  general  physiological  and  thera- 
peutical action  of  electricity. 

Duchenne,  by  embodying  the  term  "  localized  "  in  the  title  of  his  work, 
has  done  much  to  popularize  in  the  profession  the  notion  that  in  elec- 
trical applications  the  aim  should  be  to  concentrate  the  current  on  the 
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part  where  it  is  supposed  to  be   needed,  and  to  avoid  affecting  ( 
parts. 

The  idea  that  electricity  is  a  mere  stimulus,  and  only  valuable^ 
means  of  exciting  paralyzed  muscles  or  waking  up  dormant  ofl 
would  very  naturally  lead  to  the  adoption  of  the  view  that  it  shou 
used  only   in  those  parts  that  are  in  need  of  stimulation,  and 
healthy  parts  would  be  injured  by  it.     The  false  ideas  that  hate^ 
vailed  in  regard  to  effect  of  stimuli,  which  we  have  elsewhere  disc 
have  tended   to  increase  this  absurd  dread  of  ajiplying  electric 
healthy  parts.     A  little  common  sense  appUed  to  tliis  subject  may  | 
hajjs  help  us  to  find  the  truth  without  great  difficulty. 

First  of  all,  we  must  bear  in  mind  always  that  the  doctrine  tau 
the  European  writers,  that  electricity  is  a  stimulus  merely,  is 
and  erroneous.  Electricity,  applied  to  the  body,  acts  as  a  stimub 
tonic  with  a  powerful  sedative  influence.  Then,  again,  stimulant! 
something  more  tlian  mere  goads  or  spurs  ;  they  correct  and  into 
the  forces  of  the  body,  and  may  be  useful  and  as  necessary  in  cond 
that  we  call  healtliy  as  in  those  that  we  call  unhealthy.  Stimuli 
tonics,  and  sedatives  are  called  for  every  day,  and  arc  ever>-  dayi 
ployed  by  nearly  every  member  of  the  human  race,  young  or  old,  ( 
or  well.* 

Still  further,  pathology  is  not  so  much  a  special  and  separate  < 
tion  as  a  degree  of  the  normal  condition  of  health.  No  one  cia| 
just  where  physiology  ends  and  pathology  begins.  Reasoning  frt 
these  considerations,  it  is  clear  not  only  that  electricity  need 
confined  to  diseased  parts,  but  that  the  parts  that  we  call  healthy  1 
be  benefited  by  it  just  as  truly  as  those  that  we  believe  to  l)«  ' 
healthy,  and  the  benefit  they  receive  may  react  favorably  on  tlic  ( 
eased  parts,  and  thus  aid  the  treatment 

These  views  are  enforced  by  analogy.     Very  few  of  our  stimuli 
tonic  or  sedative  remedies  are  limited  in  their  action  to  parts  tlut| 
diseased.     The  medicines  that  we  give  by  the  mouth  or  by  the  i 
go  whither  they  please,  and  if  they  sensibly  affect  some  diseased  ( 
it  is  not  because  their  action  is  confined  to  that  organ,  but  because! 
organ,  on  account  of  its  readier  operation  or  of  its  disease,  is  more^ 
tive  than  other  parts  to  the  influence  of  remedies.     Alcohol  or  opia 
to  the  brain,  lead  affects  the  exterior  muscles  of  the   forearm,  andi| 
influence  of  chlorate  of  potash  is  quickly  felt  in  the  mucous  nieuib 


•This  sabject  is  discussed  in  detail  in  Dr.  Beard's  work  on  "StimulMtt 
Ktu-colics.*' 
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of  the  mouth  ;  but  none  of  these  remedies  restrict  themselves  to  the 
parts  that  are  the  most  perceptibly  aflFected  by  tliem. 

Indeed^  the  fact  that  our  most  valued  medicines  are  used  for  such  a 
variety  of  local  and  general  aft'ections  shows  that  their  effects  are  not  con 
fined  to  separate  parts  of  the  body  to  the  extent  that  has  been  supposed. 

Electricity  can  be  localized,  in  cases  where  it  is  desirable  to  do  so, 
better  than  almost  any  other  remodyT  and  yet  the  most  careful  and  suc- 
cessful localization  of  the  current  is  more  or  less  im[3erfect.  The  re- 
flex effect  of  electrization  that  always  complicates  the  direct  effects, 
and  which  are  sometimes  of  more  value  than  the  direct  effects,  cannot 
be  avoided.  Then,  again,  the  branch  currents,  which,  as  we  have 
seen,  move  in  undulations  not  only  directly  between  the  electrodes,  but 
at  a  considerable  distance  on  either  side  of  the  median  line  between 
tliem,  will  be  likely,  in  nearly  all  forms  of  application,  to  touch  healthy 
parts  that  do  not  stand  in  especial  need  of  treatment.  The  most  com- 
plete form  of  localized  electrization  is  electrolysis  when  the  needles  are 
placed  close  together,  but  even  here  the  reflex  effect  is  most  powerful, 
and  operates  with  a  mild  as  well  as  with  a  strong  current. 

But  fortunately  it  is  never  necessary  to  localize  electricity,  in  the 
Strict  sense  of  the  term.  It  is  sometimes  necessary,  however,  to  avoid 
producing  too  strong  reflex  effects,  and  in  applications  near  sensitive 
parts  the  possibility  that  the  branch  currents,  if  powerful  currents  are 
used,  may  over-irritate,  should  ever  be  borne  in  mind.  Experiment  and 
experience  show  that  healthy  animals  and  men  can  be  electrized  with 
benefit  all  over  the  body,  or  in  any  part  of  it.  In  applying  electricity 
to  any  part  of  the  body  we  improve  the  nutrition  of  that  part ;  in  ap- 
plying electricity  to  the  whole  body  we  improve  the  nutrition  of  the 
whole  body,  or,  at  least,  of  those  parts  which  are  directly  or  indirectly 
influenced  by  the  current.  Faradization  of  a  healthy  muscle  makes 
it  grow  faster  than  it  would  grow  without  faradization  ;  in  other  words, 
it  produces  the  same  effect  that  it  would  if  the  muscle  were  paralyzed. 
When  a  part  is  in  a  pathological  condition — when,  for  example,  a 
muscle  is  atrophied — -any  improvement  in  nutrition  under  electrization 
is  more  quickly  observed,  and  is  probably  more  rapid  and  important 
than  when  the  same  muscle  is  treated  in  a  physiological  condition ; 
but  the  improvement  of  the  healthy  muscle  is  none  the  less  real, 
though  it  may  be  relatively  less  important  than  in  the  diseased  muscle. 

The  tonic  effects  of  general  faradization  and  of  central  galvanization, 
and,  indeed,  of  many  forms  of  localized  electrization  are  due  to  the 
direct  or  indirect  action  of  the  current,  on  parts  which  are  more  or  less 
healthy,  or  which,  to  say  the  least,  are  not  in  any  recognizable  patho- 
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logical  state.     The  objection  sometimes  brought  against  these 
that  they  do  thus  affect  healthy  parts,  simply  attempt*  to  prove 
much.     The  same  argument  would  banish  all,  or  nearly  all  our 
lants,  tonics,  and  sedatives  from  our  materia  medica,  and  praci 
discourage  all  attempts  to  relieve  or  cure  chronic  diseases  of  the 
vous  system. 

Dose  of  EUetrk'ity. — Nearly  all  our  medicines  are  prescribed 
average  standard  dose.     This  average  standard  is  derived  from 
ment  and  experience,  and,  wiih  the  majority  of  drugs,  is  a  safe 
in  administration,  although   every  judicious  and  thoughtful  ph 
studies  each  case  by  itself,   and  varies  the  dose  according  to  the 
parent  indications. 

In  the  case  of  electricity,  when  medically  employed,  the  dose 
in  the  present  state  of  science,  for  obvious  physical  reasons,  be 
rily  or  mathematically  stated. 

The  dose  of  an  application  of  electricity  consists  of  these  facti 

1.  The  strength  of  the  current,  or  the  quantity  of  eleclricily 
flows  in  a  given  time. 

2.  The  length  of  the  application. 
Both  of  these  factors  are  so  modified  in  various  waj-s  that  ihey 

not  attain  anything  like  mathematical  precision.     The  strength  of 
current,  or  the  quantity  of  electricity  that  flows  through  the  circi 
we  are  taught  by  Ohm's  law,  is  the  electro  motive  force  divided  by 
resistance.    We  have  previously  shown  (in  Electro-Physics,  cliapter 
that  both  of  these  factors  are  susceptible  of  almost  inftnitc  v; 
some  of  which  are  and  others  of  which  are  not  understood. 

In  the  time  of  the  application  there  is  less  vagueness,  but 
this  factor  the  precision  is  more  ai)parent  than  real ;  for  the  cfftfd^ 
electricity  depends  so  much  on  the  manner  in  which  appUc 
made,  whether  with  interruptions  or  without  interruptions, 
with  large  or  stuall  electrodes,  etc.  The  method  of  the  api  i 
whether  local  or  general,  and  if  local,  to  what  part,  and  how  directed 
also  modifies  seriously  the  determination  of  the  dose  from  lh<-  '  "*" 
of  the  application.  Ten  minutes  of  general  faradization  oi 
galvanization  will  have  a  much  more  powerful  general  ctfect  tim 
ten  or  even  twenty  minutes  of  local  electrization.  Five  minutes  of 
galvanization  of  the  brain  will  accomplish  more  good  or  evil  liiBI 
fifteen  minutes'  faradiiition  of  the  uterus,  or  of  any  one  of  the  c.xtie«l» 
ties. 

The  time  may  yet  come,  in  the  advance  of  science,  when  elccttidl 
measurement  will  attain  such  a  degree  of  precision  that  we  shall  be  abk 
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to  prescribe  so  many  farads  of  electricity,  as  we  now  prescribe  so  manj 
grains  of  quinine,  or  so  many  drops  of  laudanum  ;  but  the  day  when 
such  exactness  shall  be  possible  in  applications  to  the  human  body  is 
probably  not  very  near.  Our  present  method  of  measuring  the  gal- 
vanic current  by  the  number  of  degrees  of  deflection  of  the  needle  of  a 
galvanometer  is  very  unsatisfactory,  for  the  twofold  reason  that  the  de- 
flection beyond  a  certain  angle  does  not  accurately  represent  the  relative 
strength  of  the  current,  and  especially  because  when  ap|)lied  to  the 
body  a  different  and  varying  resistance  is  encountered,  which  at  once 
destroys  the  value  of  the  comparison.  Electro-therapeutists  have  sonie> 
times  stated  the  amount  of  the  deflection  which  the  current  caused 
before  being  applied  ;  but  all  such  statements  are  of  little  or  no 
value,  and  particularly  when  we  do  not  know  the  construction  of  the 
particular  galvanometer  which  they  employ.  A  further  difficulty  in 
measuring  electricity  by  the  galvanometer,  is  that  the  strength  of  the  car- 
rent  in  most  of  the  batteries  in  common  use  declines  during  the  appli- 
cations, so  that  a  current  which  is  powerful  at  first  may  iu  the  course  of 
ten  or  fifteen  minutes  be  only  medium. 

The  graduated  scale  on  some  of  our  faradic  machines,  and  which  in 
dicates  the  number  of  inches  that  the  rod  or  helix  or  tube  is  moved, 
is  also  a  practically  useless  guide,  except  as  far  as  it  may  be  resorted 
to  to  encourage  and  amuse  silly  and  weak-minded  patients.  In  any 
faradic  machine  the  strength  of  the  current  m  the  cell,  and  consequent- 
ly the  strength  of  the  induced  current  in  the  coil,  varies  from  day  to  day, 
and  varies  during  the  application  ;  and  the  amount  that  passes  through 
the  patient  is  dependent  on  the  size  of  the  electrodes,  and  the  amount 
of  moisture  in  them,  and  their  relative  position. 

In  default  llierefore  of  any  trustworthy  means  of  prescribing  electricity 
by  farads,  or  other  definite  measures,  we  are  compelled  in  practice 
to  depend  on  these  two  indications  : 

I .     T/ie  sensaiions  of  the  patient. 

Very  fortunately  the  sensation  of  the  patient  during  the  application 
indicates  wth  considerable  correctness  whether  the  current  is  of  the 
proper  strength.  The  rule  is  that  where  strong  currents  are  borne 
without  discomfort  strong  currents  are  beneficial ;  where  only  mild  cur- 
rents are  borne  only  mild  currents  are  indicated.  The  difference  in  the 
natural  sensitiveness  of  patients  10  electricity  is  very  great.  This  dif- 
ference is  further  modified  by  disease.  In  anesthesia  local  and  general, 
in  sclerosis  of  the  ner\'e  centres,  and  certain  local  affections,  very  power- 
ful currents  cause  but  little  pain.  On  the  other  hand  in  hyperesthesia, 
in  hy&teria  and  allied  affections  as  a  rule,  and  in  acute  and  subacute 
18 
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local  inflammations,  only  mild  currents  can  be  borne.  To  disregard 
the  feelings  of  the  patient  and  make  the  applications  exceedingly  pain- 
ful will  tend  to  produce  the  evil  rather  than  the  good  effects  of  elec- 
tricity. To  give  only  mild  applications  when  painful  ones  could  be 
well  borne  is  to  rob  the  patient  of  a  part  of  the  benefit  to  which  he  is 
entitled. 

To  the  rule  that  the  sensations  of  the  patient  are  the  guide  in  elec- 
trical applications  there  are  some  exceptions,  just  as  there  arc  some 
exceptions  to  the  rule  that  the  appetite  is  the  guide  in  the  quantity 
of  food  that  we  eat.  It  is  partly  to  guard  against  these  exceptions,  and 
to  keep  on  the  safe  side,  that  the  first  few  applications  on  a  new  pa- 
tient whom  we  have  not  before  treated  by  electricity,  should  be  mild  and 
short. 

Not  only  do  different  individuals  vary  in  their  sensitiveness  to  electri- 
city, but  different  parts  of  the  surface  of  the  body  in  the  same  individual 
also  vary,  as  we  have  seen  through  a  considerable  range ;  and  in  the 
cavities  of  the  body  and  on  the  mucous  surface  the  range  of  variation 
in  sensitiveness  is  yet  greater.  The  mucous  membrane  of  the  mouth, 
tongue,  urethra,  is  very  sensitive,  and  this  sensitiveness  should  be  re- 
spected by  the  electro-therapeutist. 

There  are  some  quite  rare  cases  of  hysteria  where  the  great  sensi- 
tiveness of  the  patient  may  be  disregarded,  or  chloroform  or  ether  may 
be  administered.  The  sensitiveness  of  the  patient  is  a  guide  only  or 
mainly  in  regard  to  the  strength  of  the  current.  In  regard  to  the 
length  of  the  application  we  must  be  guided  by — 

2.  The  immediate,  secondary,  and  remote  effects. — This  second  guide 
serves  to  correct  the  mistakes  of  the  first.  A  meal  that  disagrees 
with  us  may  show  its  ill  effects  in  a  few  minutes  or  hours,  or  the 
following  day.  Similarly  we  should  study  the  effects  of  electrical  ap- 
plicaiions.  So  far  as  any  one  or  all  of  the  good  effects  described  in  this 
chapter  follow  an  application,  so  far  we  may  judge  that  the  applica- 
tion has  done  good ;  so  far  as  any  or  all  of  the  evil  effects  described 
in  this  chapter  follow  an  application,  we  may  judge  that  it  has  done 
evil.  The  evil  and  the  good  effects  may  sometimes  be  associated. 
To  rightly  interpret  these  effects,  and  to  distinguish  between  those  that 
are  produced  by  the  applications  and  those  that  are  produced  by 
moral,  hygienic  or  medical  causes  is  one  of  the  severest  tests  of  medi- 
cal skill.  There  is  less  liability  to  deception  in  studying  the  immediate 
effects,  since  there  is  less  chance  for  other  forces  to  complicate  the 
results.  After  a  few  hours,  the  complications  of  diet,  exercise,  weather, 
medicine  and  so  forth  begin  to  appear,  and  obscure  the  effects  of  the 
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electricity.  The  secondary  and  remote  effects  can  therefore  only  be 
ascertained  by  repeated  observations.  A  single  application  gives  ua 
little  opportunity  to  answer  the  question  whether  electricity  is  really 
the  remedy  that  the  case  requires. 

One  caution  must  not  be  forgotten :  the  immediate  and  secondary 
effects  may  bt  €vil  while  the  remote  effccis  may  be  good. 

A  long  walk  that  much  fatigues  us  is  often  beneficial,  though  the 
benefit  does  not  appear  for  several  days.  Those  who  take  travelling 
vacations  to  recruit  exhausted  energies,  firequently  feel  worse  while 
they  are  travelling,  but  are  stronger  on  their  return  and  for  months 
following.  The  fatigue  and  soreness  and  stiffness  that  sometimes  fol- 
low skating  and  gymnastics,  and  other  exercises,  do  not  always  indi- 
cate that  benefit  has  not  been  derived.  The  next  day  the  appetite 
and  spirits  may  be  better,  sounder  sleep  may  follow  ;  the  evil  and  the 
good  effects  contend  for  the  mastery,  and  the  good  effects  triumph. 

The  best  remits  of  Electrical  Treatment  usually  obtained  with  Mild 
Currents. — For  the  average  constitution,  and  with  the  exceptions  that 
come  from  certain  idiosyncrasies  and  certain  diseases,  such  as  anaeslhesia, 
the  best  results  of  electrical  treatment  are  obtained  by  mild  currents. 

The  temptation  to  disregard  this  rule  and  use  painful  currents  is, 
even  for  the  experienced  electro-therapeutist,  very  great,  and  sometimes 
irresistible.  The  dogma,  "  no  smart  no  cure,"  which  has  wrought  so 
much  miser)'  in  the  world,  still  lingers,  even  among  the  intelligent. 

The  descendants  and  near  relatives  of  the  man  who  growled  at  his 
dentist  for  extracting  his  tooth  without  pain  or  bluster,  because  he 
had  been  accustomed  to  being  hauled  all  around  the  room  during  that 
operation,  are  yet  very  numeroms.  Even  in  culti?ated  circles  there 
can  be  found  those  who  have  no  faith  in  medicine  unless  it  is  bitter, 
and  no  respect  for  the  doctor  unless  he  half  kills  them.  Then  again 
some  patients  make  a  \nrtue  of  bearing  pain,  and  will  pretend  that  they 
do  not  feel  the  current  when  they  know  they  are  suffering  all  the 
horrors  of  the  damned.  Moreover,  mercenary  patients  wish  to  get 
their  money's  worth,  and  if  they  pay  so  many  dollars  for  an  application, 
they  want  so  many  dollars'  worth  of  agony.  For  all  these  reasons  com- 
bined, we  are,  in  spite  of  our  experience  and  caution,  continually 
making  the  blunder  that  we  here  warn  against.  Over  the  doors  of  the 
electro-therapeutist,  and  in  full  view  of  the  operating  chair,  we  would 
inscribe  this  motto,  "Better  give  much  too  little  than  a  little  too 
much." 

The  use  of  Salt  on  the  Electrode,  — A  very  good  device  to  prevent  using 
too  strong  currents,  particularly  the  galvanic  current,  is  to  saturate  the 
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Sponges  or  cloths  of  the  electrode  with  plenty  of  salt  water.     Salt 
is  a  good  conductor,  much  better  than  simple  water,  and  will 
the  patient  to   sensitively  feel  a  current,  of  which,  if  the  sail 
were  not  used,  he  would  not  be  conscious. 

With    the   same  strength  of  current,  a  sponge  or  cloth   cl 
saturated   with  salt  is  more  painful  than    a  similar  electrode  w 
saturated.     The  current  when  conducted  though  salt  seems  to 
points  from  the  electrode  to  the  body  just  as  when  conducted  th; 
metal  or  the  metallic  brush.    In  a  word,  an  electrode  saturated  vrttb 
not  only  conducts  a  greater  quantity  of  electricity,  in  accordance 
Ohm's  law,  but  conducts  it  more  painfully  than  an  electrode 
with  ordinary  water. 

Cctre  in  the  Details  of  the  Applications. — ^There  is  as  much 
ence  between  a  skilful  and  an  awkward  application  of  elcctricil 
there  is  between  a  skilful  and  an  awkward  operation  in  surgery, 
those  who  desire  to  become  experts  in  applying  electricity,  the 
ing  points  should  be  considered  : 

I.  To  avoid  suddenly  internipting  the  currents  in  cases  where 
niptions  are  not  required,  and  especially  in  applications  on  or  near' 
head.     In  the  treatment  of  paralysis  of  motion  and  of  sensation, 
ruptions  are  required,  but  in  the  treatment  of  the  brain,  spinal 
and  sympathetic,  and  in  very  many  peripheral  applications  sttMi 
rents  only  are  required.     In  all  such  cases  the  current  should  be 
gradually  and  delicately,  if  possible  by  means  of  a  rheostat  of 
kind,  or  by  increasing  or  diminishing  the  pressure  on  the  sponge  of 
electrode.     Inteniiplions  made  in  the  metallic  part  of  the  cunrrrrt 
always  more  sudden  and  violent  than  those  made  in  the  elcct^ 
the  physical  reason  that  the  connection  of  the  current  is  more  *ji  irj-^- 
abrupt. 

Delicate  patients  should  be  treated  with  delicacy.  Those  who  •* 
sensitive  and  apprehensive  should  never  be  annoyed  by  sudden  bneiAl 
in  the  current,  except  in  those  forms  of  disease  where  sudden  bidkl^' 
are  required. 

In  presenting  this  caution  we  do  not  intend  to  endorse  the  notion  Ail 
serious  pathological  lesions  are  caused  by  interrupting  the  current,  efd 
on  or  near  the  brain.  There  is  little  or  no  evidence  besides  d»e  dH 
of  Duchenne,  that  any  serious  injury  to  the  retina,  or  to  the  atKJiiRIf 
xvtTK^  or  to  any  part  of  the  brain,  or  S)Tnpathctic,  or  spinal  cord,  liA 
been  proeluced  by  faradization  or  galvanization  with  the  strength  of  ai> 
rent  ordinarily  employed  in  electro-medical  apphcations.  The  dii^ 
ness,  the  sour  taste  in  the  mouth,  the  flashes  of  light  before  the  tjC^ 
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the  shock  or  agitation  produced  by  the  sudden  interruption  of  the 
galvanic  current,  are  annoying,  and  to  the  delicate  patient  unaccus- 
tomed to  them,  sometiracs  alarming,  but  with  the  batteries  in  ordinary 
use,  and  with  the  strength  of  current  that  is,  or  ought  to  be  employed 
tlirough  the  head  and  neck,  they  are  rarely  if  ever  dangerous  :  they 
we  temporar)'  eflects  that  soon  pass  away,  and  are  forgotten.  But 
they  are  to  be  avoided  in  cases  where  they  are  not  required,  for  the 
three-fold  reason  that  tliey  do  no  positive  good,  that  they  may  interfere 
with  the  success  of  the  treatment,  and  that  they  alann  or  annoy  the 
patient.  We  are  to  avoid  worrying  our  patients  in  this  way,  for  the 
same  reason  that  we  are  to  avoid  treading  on  tlieir  corns,  because  it  is 
disagreeable  and  discourteous. 

2.  To  avoid  making  the  applications  unnecessarily  painful  through 
carelessness  in  the  management  of  the  electrodes.  By  the  use  of  fine 
and  soft  sponge — the  best  tJiat  can  be  found  in  the  shops — the  smarting 
and  stinging  pain  of  the  applications  can  be  much  diminished.  Aside 
from  the  fact  that,  with  some  exceptions,  less  satisfactory  results  follow 
I>ainful  than  pleasant  currents,  the  feeling ^of  pain  should,  so  far  as  pos- 
sible, be  avoided.  There  are,  as  we  have  said,  a  certain  number  of  pa- 
tients who  carry  into  medicine  tlie  same  views  that  once  dominated  in 
religion,  and  who  desire  to  suffer,  and  have  very  little  respect  for  any 
treatment  that  does  not  cause  more  or  less  agony.  Such  patients  will 
sometimes  find,  after  one  or  two  severe  and  painful  applications,  thai 
they  are  injured  more  than  bene^ted,  and  will  submit  to  the  advice  of 
the  physician  and  take  the  treatment  that  is  best  for  theni. 

3.  To  avoid  surprising  and  startling  t}^e^  patient  by  allowing  the  wires, 
or  the  metallic  portions  of  the  electrodes,  to  touch  any  part  of  his  ex- 
posed body.  If  the  connecting  wires  slip  out  of  their  connections  with 
the  electrodes  they  are  liable  to  fall  on  the  exposed  skin  and  give  a 
painful  shock.  If  the  edge  of  the  electrode  not  covered  with  sponge 
or  cloth  toudies  the  skin,  it  will  give  the  patient  sudden  paw,  and 
annoy  both  him  and  the  operator.  Connecting  wires  that  arc  not  pro- 
tected by  rubber  arc  liable  to  lose  their  silk  or  cotton  coverings  in 
places,  which  when  they  touch  the  skin  cause  pain. 

4.  To  be  always  and  every  moment  sure  that  the  current  is  running. 
The  batteries  should  be  tested  before  the  application,  either  by  the 
galvanouietcr  or  through  the  hand  or  person  of  the  operator,  that  he 
may  be  sure  that  it  is  in  order,  that  the  connections  are  properly  made, 
and  that  the  electrodes  are  suflicicntly  wet  to  conduct  the  current 
When  mild  currents  are  used,  salt  may  be  added  to  the  solution  in 
wiiich   the  electrode  is   dipped,   so    that    a  slight  stinging  sensation 
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beneath  the  electrode,  may  keep  the  patient  assured  that  the 
is  passing. 

Disrobing  of  the  Patient. — The  great  majority  of  electrical  ap 
tions  require,   on  the  part  of  the  patient,  more  or  less  loosen 
removal  of  the  dress.      Not  only  is  this  necessary  in  general 
tion  and  central  galvanization,  but  in  very  many  local  applicatioo 
the  spine,  abdomen,  and  upper  and  lower  limbs, — excepting  mcrelf  | 
face,  head  and  hands.      To  know  how  to  direct  the  patients  to  . 
their  clothing  so  as  to  give  the  operator  sufficient  and  easy  access  to^ 
person,  is  a  part  of  the  art  of  practical  electro-therapeutists,  and 
an  art  not  to  be  despised.      Male  patients  have  less  trouble  in  this^ 
gard  than  female  patients,  since  their  garments  are  fewer  and  i 
but  they  are  more  annoyed  by  the  little  they  have  to  do  than  wa 
are  by  their  vast  paraphernalia.     The  art  consists  in  loosating  kv 
ing   up    without   entirely  removiftg  the  underclothing^  thus  .. 
trouble^  exposure  and  waste  of  time.  , 

Temperature  of  the  Electrodes  and  of  the  Operating  /^oom.—t^ 
question  is  often  raised  by  patients  whether  there  is  any  danger  of  tab 
ing  cold  after  an  application  of  electricity.  The  answer  is  cI 
the  negative.  The  electricity,  as  such,  so  far  as  it  goes,  fori..  .>  -- 
system  against  cold  ;  but,  by  careless  exposure  while  undressed  b  I 
cold  room,  it  is  possible  to  lake  cold»  just  as  by  similar  export 
electricity  is  not  used.  It  is  also  possible  to  make  the  a| ; 
quite  uncomfortable  by  using  sponges  moistened  with  cold  instead  of_ 
tepid  water.  Our  aim  should  be  to  have  the  temperarure  of 
operating  and  dressing-room  a  little  higher  than  is  necessar)'  for  a 
son  fully  dressed ;  to  moisten  the  sponges  or  electrode  coven  in  I 
or— in  very  cold  weather — in  hot  water;  and  when  the  feet  are  placed  | 
a  footplate  of  tin  or  copper,  to  have  a  warm  soapstonc  bencalh  I 
foot-plate  to  keep  it  always  comfortable. 

Time  of  day  for  the  Application. — Applications  of  electricity  maf 
given  with  advantage  at  all  hours  of  the  day  and  night.  In  our< 
ence,  and  probably  in  the  experience  of  all  electro-therapeutists,  \ 
majority  of  the  applications  are  given  in  ordinary  business  hours,  iaj 
forenoon  and  afternoon.  We  have  never  been  able  to  see  that  anyd 
was  gained  by  giving  any  particular  heed  to  the  hours  of  eati' 
before  meals,  and  just  after  them,  ordinary  electrical  treatmem 
given  with  apparently  as  much  benefit  as  two  or  three  hours  from* 
meal.  In  some  impressible  temperaments,  central  galvanisation  U* 
general  faradization  temporarily  increase  appetite,  and  for  such  pciiool 
tn  application  might  very  properly  be  given  a  little  before  meals,    J** 
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those  who  suffer  from  dyspepsia,  a  seance  pretty  soon  after  dinner  might 
be  of  service  in  aiding  digestion,  but  we  cannot  say  that  we  have  seen 
any  such  results. 

For  all  delicate,  hysterical,  sleepless  patients,  the  evening  is  an  excel* 
lent  time  to  receive  electricity.  The  powerful  sedative  effects  of  central 
and  general  electrization  are  in  this  class  of  patients  most  gratefully  re- 
alized a  little  before  going  to  bed,  or  after  they  have  already  retired 
For  these  reasons  we  have,  for  years,  been  accustomed  to  treat  some  of 
our  patients  in  the  evening,  before  or  shortly  after  retiring,  and,  were  it 
not  for  the  inconvenience,  we  should  do  it  more  frequently. 

Timi  of  Applications. — The  time  of  an  application  is  an  element  of 
the  dose  of  electricity  that  has  not  been  sufficiently  studied.  Electro- 
therapeutists  have  fallen  into  the  conventional  and  routine  habit  of  using 
the  current  all  the  way  from  live  to  ten  or  fifteen  minutes  or  so,  at  a 
sitting,  without  sufficiently  investigating  the  question  whether  the  length 
of  the  application  ought  not  to  be  varied  with  studious  care,  in  each 
case,  and  varied  during  the  course  of  treatn^ent. 

For  irritable,  sensitive  and  impressible  patients  this  law  certainly 
holds  ;  that  long  applications  with  mild  currents  are  better  than  short 
applications  with  strong  currents.  This  law,  which  is  the  outcome  of 
all  our  observations  in  the  department  of  electro-therapeutics,  applies  to 
all  modes  of  using  electricity. 

A  sudden  shock,  or  a  series  of  shocks  with  a  powerful  current,  may 
injure,  where  a  prolonged  application  with  a  gentle  current  may  work 
no  harm  and  r»uch  good.  That  this  element  of  time  becomes  a  practi- 
cal difficulty  in  the  use  of  electricity  by  overworked  general  practitioners, 
must  be  admitted  :  but  if  it  be  a  scientific  fact — as  it  surely  is — that 
time  is  required  to  gain  the  choicest  and  best  effects  of  electrical  treat- 
ment, then  we  must  recognize  and  accept  the  fact,  and  treat  our  patients 
accordingly,  and  expect  them  to  reward  us  for  oar  labors  more  liberally 
than  for  a  mere  prescription  or  suggestion. 

We  insist  on  this  point,  because  we  feel  that  through  neglecting  it 
many  mistakes  have  been  made,  and  through  a  disposition  to  neglect  it 
there  is  danger  that  in  some  minds  electro-therapeutics  itself  may  fall 
into  disrepute.  While  many  patients  and  many  cases  do  well  under  five 
or  ten  minutes  of  electrization,  very  many  others,  especially  after  they 
have  become  accustomed  to  it,  require  at  least  double  that  time. 

With  all  our  might,  we  should  avoid  the  error  of  supposing  that  the 
best  effects  of  electrical  treatment  will  succeed  by  short  applications 
with  strong  currents.  In  this  way  we  may  both  save  time  and  lose  our 
patients. 
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Economy  of  this  sort  may  prove  to  be  the  worst  of  extrav 

Frequency  of  the  Applications. — Ordinary  stimulanting  and  tonkl 
cines  are  given  one,  two,  and  usually  three  times  a  day.     The  i 
electricity  cannot  usually  be  administered  so  frequently  witbutit  i 
more  evil  than  good.     It  seems  essential  to  the  electro-the 
treatment,  whatever  the  mode  employed, — general  and  local  fai 
tion,  central  and  local  galvanization,  and  even  electric  baths  iaA\ 
use  of  the  body  batteries, — that  there  should  be  a  considerable pr 
rest  between  the  applications. 

Electrization  sets  in  motion  forces  that  slowly  act  and  react  boon  I 
days  after  the  electrization  has  ceased.     The  time  required  for 
forces  to  operate  to  the  best  advantage  varies  with  individuals,  ] 
all  cases  a  certain  period  of  rest  is  required,  and  if  the  a^ 
repeated  before  this  period  or  some  portion  of  it  has  elapse 
fits  of  the  previous  application  are  more  or  less  neutralized^  md  < 
patient  may  be  weakened  more  than  strengthened.    This  at  least  ap 
to  be  the  conclusion  lliat  long  experience  forces  upon   us.     All  \ 
way  between  every  day  or  once  a  week  the  applications  can  be 
with  benefit.     Three  or  four  times  a  week  is  about  as  often  as  the  ) 
age  patient  cares  to  make  his  visits,  and  it  is  safer  to  begin  tre 
with  at  least  an  interval  of  a  day  or  two  between  sittings.     Somej 
tients  require  at  the  outset  of  a  course  of  treatment,  intervals  of  I 
or  four  days.     If  by  accident  or  intention,  strong  and  long  applic 
arc  made,  unpleasant  reactive  effects  may  follow  that  at  once ! 
the  necessity  of  waiting  for  a  day  or  two.     Many  a  lime  does  it  I 
to  MS  to  visit  a  patient,  and,  on  learning  the  history  of  the  syrop 
to  put  off  the  ajjplication  twenty  four  or  forty-eight  hours. 

On  the  other  hand,  there  are  those  who  can  take  full  applications  < 
day  for  a  month  in  succession,  and  in  some  cases,  as  it  appears  to^ 
with  greater  benefit  than  would  be  derived  from  applications  given  ( 
other  day.     At  the  foimding  of  the  Electro-Therapeutical  Dc 
of  Demilt  Dispensary,  we  received  patients  only  twice  a  week,  Kul  j 
results  were  obtained  under  that  sj'stem,  but  wc  afterwards  found  \\\ 
sirable  to  add  another  day.     In  private  practice  we  make  the  i 
tions  more  frequently  than  at  first,  and  find  an  advantage  in  so  ( 
for  the  reason,  mainly^  that  we  use  milder  currents  than  foTrocrly,  ( 
our  patients  can  bear  and  be  profited  by  more  frequent  sittings. 

General  and  central  applications  require  longer  intervals  than 
and   peripheral   applications,  for  the  patent  reason   that    they 
]X)werfully  affect  the  whole  system,  and  are  more  frequently  foU 
by  reJ  ctivc  effects. 
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In  rare  cases, — when  the  patient  has  but  a  short  time  to  remain  in  town, 
or  when  an  intolerable  pain  is  to  be  relieved, — we  have  given  applica- 
tions twice  a  day,  but  have  not  usually  obtained  any  advantage  thereby. 
Chronic  nervous  diseases  cannot  be  cured  in  a  day ;  time  is  as  neces- 
saiv  as  the  electricity.  Long  standing  pathological  lesions  are  not  to 
be  carried  by  assault,  however  bravely  conducted  ;  they  yield  only  to  a 
protracted  siege. 

Regularity  of  the  Applications. — It  is  the  custom  with  some  electro- 
therapeutists  to  insist  on  regularity  in  the  days  and  hours  of  the 
applications,  and  there  are  those  who  believe  that  the  best  effects 
follow  regular  and  methodical  treatment.  On  this  point  we  are  in  some 
doubt.  Patients  who  are  methodical  in  their  habits,  and  who  are 
regular  in  their  visits,  will  be  less  likely  to  omit  visits,  and  will  be 
more  likely  to  persevere,  and  consequently  will  be  more  profited  than 
tliose  who  omit  half  of  their  visits  and  abandon  treatment  before  it 
is  fully  tried.  There  is  no  evidence  that  regularity,  as  such,  is  any 
advantage ;  although  there  is  strong  probability  that  for  some  constitu- 
tions, and,  perhaps,  for  diseases  with  periodic  sympton»s,  it  might  be 
an  advantage  to  give  tlie  applications  at  the  same  hour  daily,  or 
every  other  day,  as  the  case  may  Ije.  Our  own  custom  in  this  regard 
varies.  Practically  we  find  it  impossible  to  treat  all  patients  with 
absolute  regularity,  and  in  those  cases  where  we  are  able  to  do  so  we  have 
not,  thus  far,  been  able  to  see  any  special  therapeutic  advantage. 

Prolonged  Applications. — .A.  method  of  using  electricity  that  has  been 
too  little  studied  by  the  profession  is  that  of  prolonged  applications 
with  mild  currents. 

In  certain  diseases,  both  medical  and  surgical,  it  is  of  advantage  to 
allow  the  current — galvanic  or  faradic — to  nm  for  several  hours — all 
day  or  all  night — as  may  be  convenient. 

We  have  become  so  accustomed  to  the  use  of  short,  or  comparatively 
short  applications,  that  we  forget  that  the  current  if  sufficiently  gentle 
may  be  passed  through  the  body,  or  part  of  the  body  for  hours,  if  not 
days  consecutively,  without  injury,  and  with  great  benefit,  provided 
certain  cautions  are  observed. 

When  the  galvanic  current  is  thus  used,  care  must  be  taken  not  to 
allow  the  sponges,  or  metals,  or  cloths,  to  remain  too  long  in  one 
spot,  since  they  will  cause  a  disagreeable  though  not  serious  ulceration 
of  the  skin,  that  may  be  some  time  in  healing.  In  order  to  avoid  this 
ulceration,  it  is  well  to  use  sponges  instead  of  metals,  and  to  change 
from  lime  to  time  the  posi  ion  of  the  electrodes,  so  that  they  may  not 
act  too  long  on  one  spot. 
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The  details  of  this  method  of  using  electricity  must  be  varied  with 
each  case  and  the  circumstances  of  the  patient. 

Intervals  l/eiween  tht  Courses  of  Treatment.— \\\^  sometimes  of  ser\'ice 
to  suspend  a  course  of  treatment  after  it  has  been  going  on  a  number 
of  weeks,  and  to  allow  an  interAal  of  one  or  more  weeks,  according  to 
circumstances.  It  is  sometimes  observed  that  patients  improve  as 
much  during  the  interval  as  during  the  treatment,  and  when  the  appli- 
cations are  renewed,  they  have  greater  force  than  at  the  close 
the  course  of  treatmetit.  It  is  true  of  electricity,  as  of  almost  ever 
other  stimulant,  tonic,  sedative  remedy,  that  after  receiving  it  a  certain 
tinie  the  system  becomes  so  accustomed  to  it  as  to  tolerate  it,  and 
then  its  full  force  is  not  appreciated.  In  cases  where  tliis  toleration  of 
electricity  is  observed,  when  the  improvement  halts,  so  to  speak,  a 
brief  suspension  of  treatment  may  be  indicated,  and  on  renewing  it, 
all  the  benefit  at  first  realized  may  be  repeated. 

On  the  other  hand,  there  are  patients  who  seem  to  prosper  best  under 
steady,  uninterrupted  treatment. 

Combination  of  Methods  of  Application. — Comparatively  few  diseases 
are  to  be  treated  solely  by  any  one  method  of  application ;  many  of  the 
purely  local  aflfcctions  ever  }ield  better  to  electrical  procedure,  when 
the  applications  are  varied,  than  when  one  mode  only  is  persistently 
used.  Both  currents,  galvanic  and  faradic,  may  be  tried  in  alternation 
or  succession,  and  both  the  direct  and  indirect  methods  may  be  em- 
ployed at  the  same  sitting  or  at  different  sittings.  In  all  diseases  where 
the  whole  system  is  involved,  the  method  of  application  may  be  yet 
more  varied.  General  faradization  and  central  galvaniiation  may  be 
used  alternately,  and  the  alternation  may  be  by  tlie  day  or  week. 
These  methods  may  be  varied  witli  galvanization  of  the  brain  in  all 
directions,  galvaniiation  of  tlie  pueumogastric  and  sympathetic  and  of 
the  spine.  In  some  diseases,  as  notably  in  those  where  central  le- 
sions are  accompanied  by  peripheral  injury  and  general  exhaustion,  as 
hemiplegia,  ataxia,  and  so  forth,  all  the  methods  of  application  may 
be  used,  including  faradization  with  the  wire  brush.  We  observe  not 
unfrequeutly  that  after  one  method  of  electrization  has  done  all  that 
it  is  cajiable  of  doing,  after  it  seems  to  have  lost  its  power,  another 
method  of  electrization,  or  a  mere  modification  of  a  method,  may  push 
the  improvement  yet  further,  until  it  in  time  loses  its  force  and  the  fresh 
stimulus  of  another  method  is  required. 

In  this  respect  the  behavior  of  electricity  is  in  no  way  peculiar;  to 
ill  powerful  remedies  the  system  in  time  becomes  so  accustomed,  as  to 
tolerate  them  without  appreciating  their  remedial  influence.     In  th« 
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administration  of  tonics  in  cases  of  debility,  and  of  astringents  in  cases 
of  chronic  diarrhoea,  a  necessity  for  frequent  change  of  remedy  is 
generally  recognized. 

How  to  judge  of  the  Effects  of  Eleetrieal  Treatment. — It  is  of  the  first 
importance  for  the  electro-therapeutist  to  have  a  clear,  just  and  sys- 
tematic method  of  detennining  the  effects  of  electricity,  both  good  and 
evil.  Much  of  the  difference  of  opinion  that  prevails  among  those 
who  use  electricity,  as  to  its  general  and  special  value,  and  much  of  the 
prejudice  that  exists  against  electro-therapeutics  is  the  result  of  a  want 
of  a  knowledge  of  the  tests  by  which  *he  action  of  electricity  on  patients 

Lis  to  be  determined. 

When  we  give  opium,  we  know  very  soon  whether  it  relieves  pain 
and  produces  sleep,  or,  as  not  unfreqtiently  happens,  has  effects  pre- 
cisely opposite.  We  learn  to  judge  without  great  difficulty  whether  the 
chloral  and  quinine  are  doing  the  work  that  we  desire.     W'ilh  stinnilants 

I  and  tonics,  as  used  in  the  chronic  affections,  greater  difficulty  is  ex- 
perienced, but  there  are  certain  tests  which  we  study  and  look  for  and 
by  which  we  aie  guided.  The  effects  of  electricity  should  be  similarly 
studied. 

The  good  effects  of  electrization  arc  in  general  as  follows  : 

f .  Relief  of  Pain  and  Disagreeable  Sensations  local  and  general.—^ 

jThis  relief   may  appear  shortly  after  the  application  is  commenced, 

Iter  it  has  been  continued  for  some  minutes,  or  at  its  close.     In  some 

cases  there  is  no  relief  during  or  immediately  after  the  sitting,  but 

several  hours  subsequently.     We  include  painful  sensations  of  every 

^kind — the  vague  wandering  pains  of  neurasthenia  and  hysteria,  the 
burning  of  inflammation  as  well  as  real  neuralgia. 

2.  Improvement  in  the  Pulse. — Where  the  pulse  is  abnormally  slow 
it  may  be  quickened  both  during  and  for  some  time  after  the  sitting. 
Where  it  is  abnormally  rapid  it  may  be  lowered.  The  pulse,  there- 
fore, may  be  a  guide  in  the  administration  of  electricity,  as  it  is  a  gm'de 
in  the  administration  of  alcohol  and  various  other  forms  of  stimulants 
and  tonics.  If  the  quiet  pulse  is  made  much  quicker  and  so  remains 
for  some  time,  we  may  suspect  that  the  application  has  been  too 
strong  or  too  long. 

3.  Improiiement  in  the  Temperature  of  the  Body,  or  of  the  part  which  is 
treated. — Parts  that  are  abnonnally  warm  are  cooled,  or  as  is  more  fre- 
quently the  case,  parts  that  are  abnormally  cold  are  wanned,  during  and 
subsequent  to  the  operation.  The  temperature  may  be  tested  by  the 
sensations  of  the  patient,  by  the  touch  of  the  operator,  or  by  the  ther- 
mometer. 
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4.  General  calming  Tnfiuence  and  Disposition  to  Sleep, — Nervousness 
is  allayed,  just  after  taking  wine,  or  food,  or  a  bath,  or  a  drive  by  the 
sea.  The  disposition  to  sleep  comes  on  usually  after  the  application, 
in  rare  cases  during  the  sitting,  especially  when  the  head  or  neck  is 
galvanized. 

5.  Mental  Exhilaration. — The  effect  of  sea-bathing,  or  the  inhalation 
of  oxygen,  is  to  exhilarate  in  a  way  that  defies  minute  analysis.  The 
effect  of  electrization  is  similar.  This  effect  is  seen  more  strikingly 
in  hysteria  and  hypochondriasi.s. 

6.  Increase  of  Appetite  and  Improvement  in  Digestion, — In 
instances  the  appetite  is  sharpened  by  a  single  sitting;    the  permanent' 
improvement  is,  of  course,  a  slower  effect,  and  is  only  observed  after  a 
number  of  applications. 

7.  Improvement  in  Local  and  General  Nutrition. — To  accomplish 
improvement  in  nutrition  is  the  great  object  of  electrical  treat- 
ment. The  relief  of  pain  and  of  otlier  special  symptoms,  during 
a  sitting,  may  justly  be  regarded  as  results  and  accompaniments  of 
improvement  in  nutrition.  At  a  later  stage  of  a  course  of  treatment, 
the  iniprovenienl  in  nutrition  may  be  seen  and  studied  by  the  senses. 
Improvement  in  local  nutrition  is  produced  by  local  electrization,  im- 
provement in  general  nutrition  is  produced  by  general  or  central  elec- 
trization. Peripheral  local  electrization,  may,  however,  reflexly  pro- 
duce improvement  in  general  nutririon,  particularly  when  prominent 
organs,  as  the  uterus,  the  stomach,  and  Uver,  are  treated. 

The  evil  effects  of  electrization,  by  the  occurrence  of  which  we  may 
suspect  that  the  applications  are  too  strong  or  too  long,  or  improperly 
given,  or  that  wrong  methods  are  used,  or  that  the  temperament  and 
disease  of  the  patient  centra-indicate  electricity,  are,  in  general,  as 
follows  : 

1.  Headache  and  Backache. — Sudden  shocks,  or  interruptions  of  the 
current,  may  cause  momentary  headache  that  passes  away  as  quickly 
as  it  came.  When  the  headache  persists  for  a  considerable  time,  one 
may  know  that  there  has  been  somewhere  a  mistake  in  the  applica* 
tion.     Backache  follows  as  a  rule  only  general  or  central  treatment. 

2.  Irritability  and  Insomnia. — Patients  may  feel  nervous,  irritable, 
and  indefinably  disagreeable  after  an  application,  and  the  ^lecp  the 
following  night  may  be  less  sound  and  more  disturbed  by  dreams  than 
usual.     These  are  evil  effects,  and  are  to  be  gxiaided  against. 

3.  General  Malaise. — This  symptom,  which  is  the  reverse  of  the 
exhilarati  jn  spoken  of  among  the  good  effects,  appears  not  unfrcquentJy 
after  an  over-dose,  especially  of  general  faradization.     It  sometime^ 
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though  less  frequently,  follows  central  galvanization,  and  there  is  no 
form  of  local  electrization,  central  or  peripheral,  tliat  may  not  in  some 
temperamervts  and  conditions  give  rise  to  it. 

4.  Excitation  or  Pain,  or  Increase  of  Pain  already  existing, — 
Neuralgia  is  sometimes  increased  on  the  application  of  the  current,  and 
particularly  when  the  currents  are  strong  and  interruptions  arc  made. 
A  harsh  and  rough  faradic  current,  even  when  mild,  may  aggravate 
pain.  Sometimes  there  is  no  effect  during  or  immediately  following 
the  seance  ;  but  in  the  course  of  a  few  hours,  the  pain  is  excited  or 

i  aggravated. 

Similarly  the  pains  that  accompany  malignant  tumors  may  be  excited 
when  electricity  is  applied  during  an  interval,  or  they  may  be  increased 
if  treated  during  the  paroxysm. 

5.  Oz'cr-Excited  Pulse. — The  pulse  may  indicate  whether  the  appli- 
cation has  done  good  or  harm,  with  some  considerable  certainty,  pro- 
vided the  operator  is  sufficiently  familiar  with  the  normal  pulse  of  the 
patient.  This  familiarity  can  only  come  from  previous  acquaintance. 
A  stranger,  seeing  a  patient  for  the  first  time,  and  treating  him  by 
electricit)-,  is  quite  likely  to  be  deceived.  The  pulse  may  be  over-excited 
by  the  mere  coming  in  of  a  new  physician,  or  by  the  thought  or  dread 
of  electricity.  Thus  the  value  of  the  pulse  as  a  means  of  detennining 
the  degree  of  the  ill  effects  of  an  applicarion  is  much  diminished.  As  a 
test  of  the  good  effects  of  electricity,  it  is  much  more  worthy  of  trust. 

6.  Chilliness  and  other  Nervous  Sensations. — An  application  which  has 
been  made  injudiciously  may  be  followed  almost  immediatly  by  a  feeling 
of  chilliness,  as  though  the  patient  had  taken  cold.  There  may  be  also 
a  stiffness  of  the  neck,  and  pain  on  turning  the  back,  as  though  the 
patient  were  rheumatic,  and  heat  and  burning  in  the  spine,  and  crawling, 
creeping,  pricking,  stinging,  sensations  in  the  face,  down  the  back,  and 
on  the  limbs  and  other  parts  of  the  body. 

These  sensations  arc  not  due  to  a  cold,  as  is  sometimes  supposed, — 
fiw,  except  through  gross  carelessness,  patients  do  not  take  cold  during 
an  application  of  electricity, — but  they  are  merely  nervous  sensations,  of 
an  hysterical  character,  precisely  like  the  symptoms  described  under 
[  hysteria  and  allied  affections,  and  are  due  to  over-irritation  of  the  spinal 
cord,  and  perhaps  also  of  the  sympathetic.  They  more  frequently  follow 
feradization  than  galvanization,  especiallv  when  a  hard,  rough,  unpleasant 
current  is  used.  They  appear  only  in  the  exhausted  and  neurasthe- 
nic, and  most  frequently  in  women. 

7.  A  feeling  of  Soreness^  Stiffness,  and  a  dull  Aching. — These  &ensft. 
tions  are  closely  allied  to  those  described  in  the  preceding  paragraph  :— > 
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they  are  the  result  of  over  irritation  of  the  nerve-centre  ;  the  soreness 
that  is  felt  in  the  muscles  after  severe  faradization  is  somewhat  like  that 
which  is  experienced  after  violent  exercise  in  the  gymnasium,  on  skatec 
or  on  horseback. 

The  dull,  aching  pain  through  the  whole  body  is  like  the  sensation 
that  is  experienced  after  taking  cold.  It  is  a  purely  nervous  sensation 
and  is  caused  by  over-irritation  of  the  spinal  cord  One  patient  whom  we 
treated  for  an  exhausted  and  irritable  condition  of  the  cord,  resulting 
from  cerebro-spinal  fever,  persisted  that  every  application  caused  him 
to  "  take  cold." 

8.  Profuse  Perspiration. — Gentle  perspiration  is  one  of  the  good  effects 
of  electrization  ;  it  is  observed  both  after  general  and  local  treatment. 
But  profuse  perspiration  of  any  part,  as  the  head,  or  one  of  the  limbs, 
or  of  one  side  of  the  body,  or  of  the  whole  body,  occurring  during  a 
sdancc,  or  directly  followiug  it,  is  a  bad  symptom,  and  indicates  over- 
irritation.  In  some  hyper-sensitive  conditions  profuse  perspiration 
may  appear  under  a  very  mild  current,  and  at  the  outset  of  the  appli- 
cation. We  have  known  a  paralyzed  arm  in  hemiplegia  break  out  with 
abundant  perspiration.  In  cases  of  cerebral  and  spinal  irritation  we 
have  known  the  forehead  and  the  hands  to  perspire  freely  during 
the  application.  Some  constitutions  are  specially  impressible  in  this 
regard.  We  once  treated  a  case  of  paralysis  of  the  bladder  by  external 
galvanization  ;  the  patient  was  of  the  average  strength  and  health,  but  in 
less  than  five  minutes  his  whole  body  was  as  freely  perspiring  as  in  the 
hotest  summer  day.  Nausea  and  faintness  also  came  on  and  stopped 
the  application. 

9.  Prolonged  Rear  Hon  of  the  N'en'es  of  Special  Sense. — In  the  section 
devoted  to  Electro- Physiology,  we  have  seen  that  the  nerves  of  special 
sense,  the  auditory,  the  olfactory,  the  ophthalmic  and  the  gustatory 
nerves,  all  have  their  special  and  peculiar  reactions  to  electricity. 
These  reactions  are  nonnal  and  physiological,  but  in  degree  and  variety 
they  are  greatly  influenced  by  temperament.  These  reactions  are,  on 
the  part  of  the  auditory  nerve,  hissing,  rushing,  boiling,  seething  sounds  ; 
on  the  part  of  ihe  ophthahuic  nerve  and  retina,  flashes  of  light ;  on  the  part 
of  the  olfatory  nerve,  under  a  powerful  and  painful  current,  peculiar 
phosphoric  or  ozonic  odor  ;  on  the  part  of  the  gustatory  nerve,  an  acid 
or  coppery  taste.  For  the  great  majority  of  temperaments  in  health  or 
disease,  these  reactions  disappear  with  the  cessation  of  the  application  ; 
but  where  there  is  special  susceptibility  to  the  electricity,  or  when  very 
severe  or  prolonged  applications  have  been  made,  sonic  of  these  reactions 
may  continue  for  hours  or  days.     Thus  we    have  known  patients  to 
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complain  of  the  peculiar  taste  in  the  mouth  two  or  three  days  after  an 
application.  The  buzzing  in  the  ears  also  does  not  always  stop  when 
the  current  is  opened,  prolonged  flashes  before  the  eyes  are  sometimes 
noticed,  though  but  rarely.  Prolonged  reaction  of  the  olfactory  nerve 
we  have  never  observed. 

We  call  these  prolonged  reactions  evil  effects,  because  they  appear 
in  very  susceptible  patients,  or  after  careless  procedures,  and  are  usu- 
ally accompanied  by  other  effects  that  are  unmistakably  evil. 

Disturbances  of  the  Nert'es  of  Motion  and  Common  Sensation. — Undei 
this  head  we  include  hj^ieraestlicsia,  general  or  local^  that  an  overdose  of 
electrization  sometimes  produces  in  nervous  and  hysterical  patients,  or 
the  opposite  condition  of  anaesthesia  and  muscular  spasms,  contractions 
and  rigidity.  These  phenomena  are  not  frequent,  but  in  rare  instances 
they  have  been  observed  ;  muscular  spasm,  where  it  already  exists,  may 
be  aggravated  temporarily  by  electricity. 

Hygiene  of  Patients  after  the  Applications.— Y^Ax^ni^  who  are  strong, 
and  are  treated  for  purely  local  troubles,  may  be  entirely  indifferent  in 
regard  to  their  behavior  after  electrical  applications  \  they  may  exercise 
brain  or  muscle,  or  remain  idle,  as  may  be  convenient,  and  the  improve- 
ment under  the  treatment  will  go  on  just  the  same.  Eut  delicate 
patients  who  are  treated  for  grave  conditions  of  debility,  and  especially 
females,  do  better  to  avoid  exertion  after  an  application  :  better  for  them 
to  sit  awhile,  or  rest  on  a  lounge,  and  if  they  are  treated  in  bed  to 
remain  there  ;  and  this,  we  believe,  is  another  advantage  in  treating  such 
cases  just  after  retiring. 

If  any  fancy  they  take  cold  as  a  result  of  ad  application,  it  is  a  pure 
fancy,  or  it  is  the  nervous  chill  that  sometimes  follows  over-electrization, 
or  it  is  the  result  of  exposure  in  a  cold  room  while  undressing. 

Cumulative  action  of  Electricity. — It  sometimes  happens  in  the  treat- 
ment of  a  painful  and  tender  nerve,  that  a  sudden  shock  is  felt,  after 
the  electrodes  have  been  a  long  time  in  position,  even  when  the  current 
is  very  mild  and  is  scarcely  felt  on  the  surface, 

A  medical  friend,  who  by  our  suggestion  treated  a  case  of  ulcer  of 
the  stomach  by  the  galvanic  current,  informed  us  that  a  very  mild 
current  from  a  few  zinc  carbon  cells,  which  gave  no  burning  sensation 
on  tlie  surface  whatever,  would,  after  the  electrodes  had  been  kept  in 
position  a  few  minutes,  one  on  the  epigastric,  and  the  other  on  the 
back,  cause  all  of  a  sudden  and  without  any  warning  a  painftil  shock, 
as  though  a  strong  current  had  been  suddenly  interrupted  in  the 
metallic  part  of  the  circuit.  This  phenomenon  occurred  so  often  that 
he  abandoned  the  treatment. 


288 


THE  TEMPERAMENT  TO  BE  CONSIDERED, 


We  have  occasionally  made  the  same  observation  on  other  parts  of  th« 
body.  Thus,  in  a  case  of  sciatica  that  we  were  treating  by  the  galvanic 
current — one  pole  on  the  course  of  the  nerve  below  the  trochanter, 
and  the  other  on  the  back — only  a  very  slight  sensation  was  felt  for 
two  or  three  minutes,  when  all  at  once  the  patient  gave  a  jump  as 
lliough  shocked  by  a  powerful  current.  A  number  of  times  during  the 
seance  the  experiment  was  repeated.  Every  pains  was  taken  to  avoid 
error  by  assuring  ourselves  that  the  current  was  actually  running  all  the 
time,  and  that  there  was  no  actual  interruption. 

This  cumulative  action,  if  we  may  call  it  such — would  seem  to  be 
somewhat  analogous  to  the  cumulative  action  of  strychnine  and  some 
other  remedies.  The  rationale  of  it  is  in  the  present  state  of  oar 
knowledge  hard  to  determine.  It  may  be  that  as  the  skin  becomes 
more  and  more  moistened,  its  conductivity  so  increases  that  a  portion 
of  the  nerve  is  traversed  by  the  current  which  at  first  was  not  touched, 
and  Uiat  this  physical  explanation  is  sufficient.  It  may  be  that  the 
nerve,  already  in  an  iiTitable  condition,  may  have  its  irritability  so 
greatly  increased,  that  it  deveIoi>s  it  suddenly  under  continued  thotigh 
mild  stimulation.  We  have,  as  yet,  no  evidence  that  such  shocks  are 
specially  harmful,  although  they  are  unpleasant  and  startling.  They 
can  be  avoided  as  a  rule  by  shifting  the  electrodes  every  moment,  sa 
as  to  avoid  a  long  irritation  of  any  one  spot. 

Increased  Toleration  of  Electricity, — The  system  can  become 
habituated  to  electricity  just  as  it  becomes  habituated  to  alcohol,  or 
opium,  or  any  other  potent  remedy.  After  a  long  course  of  treat- 
ment, extending  over  several  months,  nearly  all  patients  bear  very 
much  longer  and  stronger  applications  than  at  first.  This  is  observed 
in  those  whose  sensitiveness  to  electricity  is  at  first  extreme.  It  is 
not  therefore  necessarily  a  discouraging  fact  if  at  the  outset  of  a 
course  of  treatment  very  gentle  currents  and  very  short  sittings  are 
required. 

The  Temperament^  as  well  as  the  £>isease^  to  he  considered  in  using 
Electricity. — There  are  individuals  whom  electricity  always  injures,  the 
only  difference  in  the  effect  on  them  between  a  mild  and  a  severe 
application  being,  that  the  former  injures  less  than  the  latter.  There 
are  patients  upon  whom  all  electro-therapeutical  skill  and  experience 
^e  wasted  ;  their  temperaments  are  not  en  rapport  with  electricity. 

It  matters  not  what  may  be  the  special  disease  or  symptoms  of 
disease  from  which  they  suffer^paralysis,  or  neuralgia,  or  neurasthenia 
or  hysteria,  or  affections  of  special  organs — the  immediate  and  the  per- 
manent effects  of  galvanization  or  faradization,  general  or  localized. 
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are  evil  and  only  evil.  We  have  not  arrived  at  this  opinion  by  theorizing ; 
we  have  been  driven  to  it  by  the  accumulating  and  irresistible  logic 
of  facts.  The  first  query  that  arises,  in  the  mind  of  the  electro-thera- 
peutist, when  a  case  under  his  care  responds  badly,  is,  "  Am  T  rightly 
using  this  remedy ;  am  I  making  the  application  too  long  or  too 
severe,  or  by  improper  methods  ?  Would  a  change  of  current  be  de- 
sirable?" But  after  we  have  tried  all  electrical  applications  ;  after  we 
have  gone  from  galvanism  to  faradism,  from  general  to  localised  elec- 
trization, from  long  and  severe  to  short  and  gentle  treatments ;  after  we 
have  rung  the  changes  on  all  these,  and  yet  persistently  aggravate 
rather  than  mollify  the  disease,  and  instead  of  strength  and  rehef,  pro- 
duce weakness  and  distress,  and  instead  of  calmness  cause  irritation, — 
then  we  have  only  to  make  as  graceful  a  retreat  as  possible,  and  put 
that  patient  down  as  a  case  that  was  not  bom  to  be  treated  by  elec- 
tricity. We  have  no  explanation  to  offer  of  the  phenomenon  ;  and  the 
popular  belief  or  supposition,  that  the  excess  or  deficiency  of  animal 
electricity  has  something  to  do  with  these  matters,  is  as  undemonslrable 
as  it  is  plausible ;  he  who  should  attempt  to  prove  or  disprove  it  would 
find  he  had  undertaken  anything  but  an  easy  task.  It  would  seem  to 
come  in  the  list  of  those  strange  but  familiar  likes  and  dislikes  in  regard 
to  certain  articles  of  food  or  drink,  or  of  certain  sights  or  odors.  We 
know  of  no  physiognomical  or  rather  external  appearances  by  which 
to  determine  whether  a  patient  does  or  does  not  belong  to  the  unfor- 
tunate few  who  can  have  no  ]<Jt  or  share  in  eleciro-therapeutics.  The 
strongest  equally  with  the  weakest,  the  plethoric  and  the  enervated, 
are  found  among  these  Gentiles  of  science. 

The  reverse  proposition,  that  there  are  certain  constitutions  for 
which,  by  whatever  form  of  chronic  disease  they  may  be  afflicted,  elec- 
tricity is  always  indicated,  is  equally  true.  There  are  patients  who 
find  in  electrical  treatment  almost  a  specific.  Whether  they  suffer  from 
dyspepsia  or  neurasthenia,  from  hysteria  or  diseases  of  special  organs, 
rheumatism  or  neuralgia,  electrization  always  relieves  them  up  to  a 
certain  point,  at  least,  if  it  does  not  positively  cure,  TA^  broad  fact  to 
be  understood  is,  that  it  is  not  so  muck  the  disease  or  the  symptoms,  as 
the  temperament  that  indicates  or  contraindicates  electrisation. 

^Vhile  some  chronic  diseases  are  more  amenable  to  electricity  than 
others,  among  all  patients  there  are  individuals  to  whom  it  is  a  matter 
of  indifference  what  special  affection  they  may  suffer  from  ;  so  long  as 
improvement  in  local  and  general  nutritiooi  is  indicated,  they  will  be 
benefited  by  electrical  treatment. 

To  all  this  it  should  be  added  that  some  persons  are  indifferent  to 
«9 
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electricity — they  can  bear  almost  any  strength  of  eitlier  current  rery 
Crequently  and  for  long  applications,  without  experiencing  any  cff© 
cither  good  or  evil.  Electricity  may  be  poured  over  them  in  Untitle 
measures  ;  they  may  be  satiu-ated  with  it,  and  they  may  come  out  fn 
the  applications  not  a  whit  better  or  worse.  Patients  who  are  quite 
delicate  and  sensitive  exhibit  this  supreme  and  provoking  indiftercuce 
to  electricity.  We  are  inclined  to  believe  also  that  patients  vary  in 
their  susceptibility  to  electricity  at  different  times  of  life.  Susceptibility 
to  stimulants  and  narcotics  oftentimes  undergoes  strange  modihcation 
during  the  lifetime  of  an  individual.  Those  who  at  one  time  cannot 
drink  coffee,  sometimes  find  that  a  few  years  so  modify  the  tempera- 
ment that  they  can  drink  it  with  absolute  freedom,  and  vice  versa. 
Similarly,  also,  alcoholic  liquors  act  in  a  most  capricious  way,  some- 
times benefiting,  at  other  times  injuring  even  when  nearly  all  tlie  other 
conditions  except  age  are  the  same.  Idiosyncrasies  in  regard  to  cer- 
tain articles  of  food  are  by  no  means  constant  through  life — they  may 
change  either  way,  and  that  too  in  the  course  of  a  few  years ;  they 
may  be  modified  by  febrile  or  other  diseases  that  revohilionize  the 
system,  or  by  residence  in  various  climates,  or  by  mere  lapse  of  years.^ 
Analogy  would  lead  us  to  suppose  that  susceptibility  to  electricity  migh 
also  be  tlius  modified,  and  our  observations  seem  to  convince  us  that 
sucli  is  the  case. 

We  are  further  inclined  to  believe  that  susceptibility  to  electricity, 
favorable  and  unfavorable,  like  all  other  constitutional  tendencies,  is 
subject  to  the  laws  of  hereditary  descent,  and  runs  in  families.  We 
have  treated  by  electricity  three  members  of  the  family  of  a  physician, 
who  are  afflicted  with  quite  diverse  maladies,  but  all  of  whom  not  only 
improved  under  the  treatment,  but  can  be  electrized  with  great  freedom 
by  either  current ;  and  yet  none  of  them  are  strong,  and  two  of  them 
are  delicate. 

On  the  other  hand,  we  have  treated  families  where  several  of  the 
members  are  so  susceptible  to  the  electric  current  that  the  ap]ilicaiion 
must  be  made  with  great  care  lest  unpleasant  results  occur.  We  are  fuUv 
convinced  also  that  the  proportion  of  those  who  do  not  bear  electricity 
well  is  larger  among  the  higher  than  among  the  lower  classes ;  in 
hospital  and  dispensary  practice,  the  number  of  patients  who  exhibit 
excessive  susceptibility  to  the  electric  treatment  is  quite  limited,  whereais 
in  private  practice,  among  the  intellectual  classes,  one  out  of  five  or 
ten,  take  the  cases  as  they  run,  must  be  treated  with  very  considerable 
caution,  lest  disagreeable  symptoms  arise. 

Relation  of  Electr  7-susceptivity  to  Prognosis, — Between  electro-suscep. 
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tivity  and  prognosis  there  would  appear  to  be  no  constant  relation.  One 
patient  may  be  extremely  susceptible  to  electricity,  and  another  capable 
J  of  bearing  it  in  large  doses,  and  both  shall  be  benefited-  If  there  be 
any  law  in  the  matter  it  is  this,  that  those  who  occupy  the  medium 
ground,  who  are  neither  specially  sensitive  nor  the  reverse — offer  tht 
best  prognosis  under  electrical  treatmenL  It  is  equally  sure,  however, 
that  those  who  are  exceedingly  sensitive  may  become  so  tolerant  of 
the  remedy  as  to  derive  great  benefit  frocn  it.  For  this  reason  we 
should  not  be  discouraged,  even  by  extreme  electro-sensibility  or 
electro  susceptibility  in  our  patients. 

The  most  provoking  class  are  those  who  cannot  be  influenced  in  any 
way  by  electricity,  but  who  can  even  from  the  very  first  receive  it 
in  enormous  doses  without  showing  or  feeling  any  good  or  evil  effect, 
and  yet  even  such  cases  may  by  protracted  treatment  be  benefited. 

Regard  for  Age. — In  the  apportioning  of  the  dose  of  electricity  the 
only  general  rule  to  be  considered  is,  that  the  extremes  of  life — the 
very  young  and  the  very  old — demand  rather  more  caution  than  those 
in  youth  and  middle  life.  It  is  not  however  necessary  to  divide  the 
Joses  of  electricity  for  infants  and  children,  as  we  divide  the  doses  of 
ordinary  medicines ;  childien  from  three  years  down  to  three  months 
and  even  younger  may  be  treated  by  general  faradization  and  central 
galvanization  almost  as  freely  as  .idults.  On  theoretical  considerations, 
and  in  order  to  be  on  the  safe  side,  we  do  not  usually  treat  very  young 
children  as  long,  or  with  as  strong  currents  as  adults,  nor  quite  so 
frequently,  but  we  have  not  often  seem  any  especially  bad  results  from 
quite  prolonged  applications,  provided  mild  currents  are  used.  The 
rule  is  to  give  the  average  baby  about  half  as  much  treatment  as  the 
SLverage  adult.  Children  cry  when  the  current  hurts  them,  and  this  to 
the  merciful  physician  operates  as  a  check  against  over-dosing  them. 

Very  old  patients  —  between  seventy  and  ninety  —  need  to  be 
treated  with  reasonable,  but  not  extreme  caution.  The  moderately 
aged — between  fifty  and  seventy — often  bear  electricity  better  than 
those  in  the  more  active  period — between  twenty  and  fifty. 

Regard  for  Sex. — As  a  rule  females  are  somewhat  more  susceptible  to 
electricity  than  males,  and  require  to  be  treated  with  greater  caution  ;  not 
that  tliere  is  any  difference  of  susceptibility  of  the  sexes,  but  because  in 
civilization  woman  is  more  delicate  than  man,  and  more  readily  influenced 
for  good  or  evil,  by  all  remedies  and  systems  of  treatment.  But 
although  the  law  that  woman  is  more  impressible  than  man  holds  well 
on  the  average,  yet  the  individual  exceptions  are  very  numerous. 
Some  women — even  iJiosc  who  are  exquisitely  delicate — can  bear  enor- 
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nious  doses  of  electricity,  while  some  men  who  are  very  hardy  can  bear 
none  at  all.  The  rule  however,  is  constant  enough  to  make  it 
advisable  always  to  begin  the  treatment  of  delicate  females  vntii  con- 
siderable caution. 

The  higher  susceptibility  of  women  to  electrical  influence,  makes 
them  yield  more  rapidly  than  men  to  the  treatment,  when  it  suits  the 
temperament  and  disease,  and  hence  it  is  that  many  of  the  most  delightful 
results  of  general  faradization  and  central  galvanization,  have  been 
obtained  in  neurasthenic,  anemic,  hysterical  women. 

The  menstrual  period  in  women  does  not  contraindicate  electrical 
treatment  at  all,  but  on  considerations  of  delicacy  the  operations  of 
general  faradization  and  central  galvanization  cannot  well  be  performed 
at  that  time.  Local  applications  to  the  periphery  can  be  made  without 
regard  to  the  menses. 

Regard  for  the  Method  of  Application  and  the  Skill  of  the  Electro- 
therapeutist, — It  is  not  electricity  in  the  abstract,  but  electrization^ — that 
is,  electricit>-  applied  to  the  body — that  cures  disease.  Everything,  there- 
fore, depends  on  the  method  of  application.  Patients  frequently  say  ihat 
they  have  "  tried  electricity"  and  it  did  no  good.  We  have  long  since 
ceased  to  pay  any  heed  to  such  statements,  or  to  allow  them  to  influ- 
ence our  prognosis,  unless  it  is  expressly  stated  who  gave  the  electrical 
treatment,  what  methods  were  employed,  and  how  faithfully  the  treat- 
ment was  carried  out.  Some  of  the  best  successes  we  have  are  gained 
with  patients  who  have  "tried  electricity**  and  found  it  wanting. 
What  should  we  think  of  a  patient  afflicted  with  a  broken  leg  who 
should  &.ay  that  he  had  **  tried  surgery,"  and  it  had  failed  to  set  the 
bone?  Would  we  not  ask,  "What  surgeon?  Was  he  a  pretender,  or  a 
man  of  science?  And  did  he  have  a  fair  chance?"  It  is  possible,  even 
if  good  treatment  at  the  hands  of  good  men  failed  some  time  ago,  that 
the  conditions  may  now  be  so  altered  that  the  same  or  different  treat- 
ment will  be  successful. 

It  is  not  the  remedy,  it  is  the  manner  of  using  it  that  determines  its 
value.  There  is  as  much  difference  in  electro-therajjculists  as  there  is 
in  general  surgeons,  ophthalmolologists,  or  aurists,  or  gynecologists,  or 
obstetricians.  In  the  ranks  of  those  who  use  batteries  are  all  grades 
of  genius,  and  lack  of  genius,  especially  the  latter.  In  electro-thera- 
peuiics  two  currents  are  used,  and  six  different  methods  of  application, 
and  these  methods  are  all  capable  of  indefinite  variations,  dependent 
on  the  taste,  skill  or  experience  of  the  electro-therapeutist.  When  one 
mode  of  application  fails,  another  may  succeed ;  when  one  electro* 
therapeutist  fails  with  any  mode  of  application,  another  with  the  same 
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mode  of  application  may  succeed.  And  yet,  patients  with  some 
obscure  disease,  that  requires  the  best  diagnostic  as  well  as  therapeutic 
skill,  who  have  had,  perhaps,  half  a  do^en  applications  of  the  magneto- 
electric  or  rotary  machines,  at  the  hands  of  some  stupid  servant-girl, 
declare  that  they  have  "tried  electricity,"  As  well  might  a  sailor 
whose  broken  bone  had  been  badly  set  at  sea  by  a  comrade  before  the 
mast,  declare  that  he  had  '■  tried  surgery." 

Thf  Differential  Prognosis  of  Accidental  and  Hereditary  Disease^ 
under  Electrical  Treatment. — The  prognosis  of  any  case  under  electrical 
treatment  depends  more  on  the  time  that  tlie  disease  has  been  existing 
than  on  the  nature  of  the  disease  itself.  Very  grave  and  severe  symp- 
toms of  the  most  threatening  character  yield  promptly,  when  they  are 
recent^  and,  so  to  speak,  accidental,  while  mild  and  nameless  synjptoms, 
that  appear  to  be  of  the  most  trifling  character,  when  long  standing,  and 
especially  when  they  are  inherited,  may  be  exceedingly  obstinate.  It 
becomes  therefore  of  the  Jirst  importance  to  inquire  how  long  the  mor- 
bid symptoms,  or  other  symptoms  allied  to  them,  have  been  existing  in 
the  patient,  before  making  a  prognosis.  This  principle  applies  to  all 
diseases  for  which  electricity  is  employed.  It  is  illustrated  in  a  most 
interesting  manner  in  hysteria  and  allied  atfections.  If  two  cases  pre- 
sent themselves,  both  suffering  from  symptoms  of  hysteria  and  neuras- 
thenia, but  in  one  case  the  symptoms  are  a  life-long  heritage,  while  in 
the  other  tliey  have  arisen  recently,  and,  so  to  speak,  accidentally, 
the  prognosis  in  the  latter  case  is,  other  conditions  being  the  same,  con- 
sequently more  favorable.  Even  if  the  symptoms  in  the  recent  case  be 
of  a  severer  type,  the  prognosis  may  be  much  better  than  in  the  inher- 
ited case.  On  this  account  it  becomes  necessary  to  inquire  with  dili- 
gence, and  repeatedly,  of  the  patients  and  of  their  friends,  in  order  to 
see  whether  any  allied  symptoms  have  been  their  portion  through  life, 
and  whether  the  special  disturbances  for  which  they  require  treatment 
are  simply  branches  of  a  great  tree  of  disease  that  has  grown  up  in  them 
from  the  moment  of  their  inception, 

Wlien,  for  example,  a  patient  appears  with  sciatica,  or  tic-douloareux, 
it  is  not  enough  to  learn  how  long  that  particular  symptom  has  dis- 
tressed him  in  the  present  attack.  The  questions  to  be  asked  are  : 
Has  he  ever  at  any  period  of  his  life  had  this  or  any  other  form  of 
neuralgia?  Is  he  of  the  nervous  diathesis ?  Have  his  jiarcnts  or  any 
of  his  near  relations  suffered  from  neuralgia,  or  from  any  disease,  or 
s>'mptoms  of  disease  that  are  allied  to  it  ?  On  the  answers  given  to  these 
queries  will  depend  our  probable  prognosis,  not  only  as  to  the  rapidity 
of  relief  under  electrical  treatment,  but  also  as  to  lis  permaneney. 
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Inherited  diseases-  are  inclined  to  relapse  :  \he  symptom  ma/  give 
ay,  apparently,  before  the  force  of  treatment,  but  may  reappear  as 
sily  as  it  disappeared,  even  while  the  treatment  is  continued, 
Aftir-Effects  of  Electrical  Treatment. — It  is  a  fact  well  recognized 
that  the  tonic  efifects  of  a  trip  to  Euroj^e,  or  to  the  mountains,  or  of 
a  short  vacation  anywhere,  or  at  any  season,  are  frequently  but  little 
appreciated  while  the  patient  is  travelling  or  recreating ;  but  appear 
days,  weeks,  and  months  subsequently.  A  debilitalc-d  man  may  receive 
no  strength  while  on  the  ocean,  or  at  the  hotel,  or  farm-house  in  tl>e 
country,  may,  indeed,  seem  to  grow  weaker  instead  of  stronger,  and 
may  become  disheartened  thereby,  but  on  his  return  to  his  duties,  health 
may  gradually,  perhaps  imperceptibly,  come  to  him,  and  he  may  experi- 
ence a  renovation  and  a  recuperation  that  can  only  be  explained  as  the 
after  effects  of  his  vacation. 

It  is,  perhaps,  not  so  well  recognized  that  tonic  remedies,  and  systems 
of  treatment  of  various  kinds,  may  act  just  in  the  same  way.  Not  only 
the  evil  but  the  good  effects  of  medicines  may  be  cumulative.  We  may 
see  this  principle  illustrated  in  the  administration  of  quinine,  strychnine, 
arsenic,  phosphorus,  and  iron. 

Electricity  obeys  the  same  law,  and  in  certain  constitutions,  and  cer* 
tain  slates  of  the  system,  especially  those  of  debility,  it  does  little  or 
nothing  that  the  patient  can  see  or  feel  during  the  treatment  itself^ — 
but  prepares  the  way  for  a  perfect  and  permanent  recovery.  We  have 
seen  this  principle  illustrated  in  a  large  variety  5f  cases  of  chronic  dis- 
ease. The  practical  lesson  that  we  are  to  derive  from  this  is  to  en- 
courage patients  who  do  not  feel  fully  satisfied  «-ith  the  progress  that 
they  make  while  under  treatment,  to  watch  closely,  if  possible,  their 
career  long  after  treatment  is  abandoned. 

Electrisation  in  its  Relations  to  other  Forms  of  Treatment, — ^The  ques- 
tion, so  often  asked,  whether  electrical  treatment  will  interfere  with 
internal  medication,  or  with  gymnastics,  the  Russian,  Turkish  or  other 
baths,  and  so  forth,  is  very  easily  answered.  It  harmonizes  with  all  other 
tonic  remedies,  and  methods  of  treatment  that  are  employed  for  the 
common  purpose  of  relieving  pain,  or  building  up  broken-down  consti- 
tutions. 

Except  in  cases  where  we  wish  to  experiment  and  learn  the  therapeu- 
tical value  of  electricity  by  itself  alone,  uncomplicated  with  other 
healing  factors,  it  is  a  positive  advantage  oftentimes  to  employ,  at  the 
same  time  with  electricity,  external  or  internal  medication  of  various 
kinds.  So  far  as  we  now  know  there  is  no  medicine  that  is  inconv 
patible  with  electricity.     There  is  no  evidence  that  any  remedy  has  any 
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specific  reenforcing  effect  upon  electricity,  such,  for  example,  ascertain 
stimulants  have  on  hycirate  of  chloral.  Some  of  the  best  therapeutical 
results  are  obtained  from  a  combination  of  electrical  with  other 
treatment. 

On  th€  Use  of  Ekcirie'tty  by  t/t^  Laity. — Even  at  this  advanced  stage 
of  electro-therapeutics,  it  seems  to  be  necessary  to  constantly  warn  the 
profession  against  indiscriminately  intrusting  the  details  of  electrical 
applications  to  the  nurses,  friends  of  patients,  and  the  patients  them- 
selves. Having  just  rescued  this  department  from  the  hands  of  the 
laity,  and  given  it  a  position  among  men  of  science,  it  seems  strange 
that  those  physicians  who  are  familiar  with  the  subject  sliould  even  now 
use  their  influence  to  return  it  to  the  people  at  whose  hands  it  for- 
merly suffered  so  much ;  to  restore  it  to  the  captivity  of  prejudice  and 
ignorance. 

The  temptation  on  the  part  of  the  people  to  use  electricity  them- 
selves, and  on  the  part  of  the  profession  to  allow  them  to  do  so,  is  very 
strong.  The  majority  of  physicians  know  little  more  of  electro-thera- 
peutics than  their  patients.  Some  have  a  theoretical,  but  not  a  practical 
acquaintance  with  it  Then  there  are  those  who  are  well  practised  in 
tlie  art,  but  are  too  closely  occupied  to  employ  it.  They  have  no  ap. 
paratus,  or  if  they  have  any  it  is  very  likely  out  of  order.  Perhaps  no 
specialist  is  accessible,  or  the  patient  is,  or  is  supposed  to  be,  too  poor 
to  employ  one.  The  physician,  forgetting  that  it  is  not  electricity,  but 
electrization  that  cures  disease,  forgetting  that  there  are  two  kinds  of 
electricity  in  common  use,  and  six  different  methods  of  application, 
every  one  of  which  is  capable  of  various  modifications,  forgetting  that 
there  are  certain  temperaments  that  will  not  bear  electricity,  however 
applied,  and  that  there  are  others  who  must  be  treated  at  first  with 
great  skill  and  caution,  and  on  whom  the  currents  and  methods  em- 
ployed must  be  studiously  varied  during  a  course  of  treatment,  in 
short,  forgetting  that  electro-therapeutics,  considered  as  a  science  or  an 
ait,  is  wonderfully  complex  and  exacting,  orders  the  patient  to  "  get  a 
battery  and  try  electricity  " 

This  prescription  is  usually  carried  out  in  the  following  manner  :  An 
old  magneto-electric  machine  (rotary)  is  trumped  up  from  some  neigh- 
bor's garret,  where,  after  having  failed  to  cure  any  member  of  the  family, 
it  has  been  rusting  for  years.  If  the  patient  be  wealthy,  perhaps  a  new 
faradic  machine  is  ordered,  that  gives  a  harsh,  rough  current,  and  when 
applied,  drives  the  patient  to  despair.  The  friends  o{  the  patient  are 
bored  with  the  request  of  the  patient  to  apply  electricity,  and  only  half 
do  their  duty  ;  consequently  the  patient  tries  to  make  the  application 
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to  himself,  and,  of  necessity,  makes  awkward  work.      Pretty  soon 
metals  become  corroded,  and  the  current  ceases  to  flow,  and  the 
is  sooD  consigned  to  the  closet  or  garret,  where  it  will  do   no 
and  probably  as  much  good  as  in  the  hands  of  the  patient. 

This  picture  is  not  drawn  from  fancy ;  it  is  a  picture  of  genuine  i 
firequent  experience. 

Abbrex'iatiofts  used  in  Electro-Therapeutics. — It  is  a  decided 
venicnce  and  saves  much  time  in  recording  cases,  in  giving 
instruction,  in  public  lecturing,  and  in  conversation,  to  describe 
trical  applications  by  abbreviations.     About  a  year  since  wc  < 
the  following  abbreviations,  which  have  been  used  with  sati&faciM 
giving  private  instruction  and  in  conversation  with  our  assistants 
odiers  who  are  familiar  with  it,  and  in  records  of  cases  from  day  to  1 
We  do  not  adopt  it  in  the  present  treatise,  for  the  reason  ihat  il  is  adftl 
yet  widely  known,  and  might  perplex  and  bewilder  the  reader  : 

L.  F.     Localized  faradization. 

L.  G.  "         galvanizalion. 

G.  F.     General  faradization. 

C.  G.     Central  galvanization. 

G.  B.     Galvanization  of  the  brain. 

G.  C.  S.  "  «       sympathetic. 

G.  S.  "  «       spine. 

E.     Electrolysis. 

G.  C.     Galvano-cautery. 


CHAPTER  IV. 


COMPARATIVE  VALUE   OF  THE   GALVANIC  AND   FARADIC  CURRENTS. 


Much  of  th*  confusion  that  exists  concerning  the  diflFerential  indica. 
tions  for  the  use  of  the  galvanic  and  faradic  currents  arises  from  an  im- 
perfect or  erroneous  or  exaggerated  conception  of  the  distiiiction  in 
their  physical  and  physiological  effects.  The  general  belief  or  supposi- 
tion is,  that  there  is  between  them  a  radical  and  important  difference 
in  kind,  as  though  they  were  two  different  agents  or  forces. 

We  can  most  intelligently  compare  the  therapeutical  effects  of  the  two 
currents,  if  we  first  compare  their  physical  characteristics  and  their  phy- 
siological effects. 

By  referring  to  the  section  on  electro- physics,  it  will  be  seen  that  both 
currents — faradic  and  galvanic — are  capable  of  producing  chemical  de- 
composition, of  deflecting  the  needle  of  the  galvanometer,  of  producing 
sparks,  and  of  being  changed  into  heat.  Generally  speaking,  these 
effects  are  produced  more  powerfully  by  the  galvanic  current ;  but  in 
Gramme's  machines  we  shall  see  that  magneto-electricity  is  capable  of 
producing  great  heat  and  of  electroplating  on  an  enormous  scale. 

Both  currents  are  obedient  to  the  law  of  Ohm,  with  this  qualification, 
that  the  faradic  current  must  be  regarded  as  having  passed  through  a 
great  resistance. 

Faradic  and  galvanic  electricity  are  therefore  the  same  force — elec- 
tricity, only  each  variety  is  modified  by  the  nature  of  the  substance 
through  which  it  circulates,  as  well  as  the  manner  of  its  production. 

Light  is  light,  whether  its  waves  are  shorter  or  longer,  and  in  spite  of 
interference  and  polarization,  and  whatever  may  be  the  color  that  it  ex- 
cites in  the  retina  ;  sound  is  sound,  whether  its  undulations  move  slowly 
or  rapidly.  So  electricity  is  electricity,  however  generated  or  however 
modified  by  the  medium  through  which  it  moves ;  and  all  fonns  of  it, 
magnetism,  as  well  as  frauklinism,  galvanism,  and  the  many  .-arieties  of 
faradism,  are  merely  different  expressions  of  the  one  great  force — elec- 
tricity. 
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In  their  physiological  effects  the  two  currents  approach  each  othet 
even  more  closely.  It  is  true  that  the  phenomena  of  electrotonos  have 
only  been  demonstrated  under  the  galvanic  current ;  but  it  is  not  proved 
that  similar  phenomena,  to  a  less  degree,  may  not  be  caused  by  the  faradic 
current,  and  every -day  experience  in  electro-therapeutics  shows  that  with 
the  faradic  current,  as  with  the  galvanic,  the  positive  pole  is  the  more 
calming,  and  the  negative  the  more  irritating.  Both  currents  act  on  the 
skin  so  as  to  modify  the  circulation,  the  galvanic  having  a  greater  chemi- 
cal eflfect  and  causing  a  fccHng  of  burning,  while  die  faradic  causes  a  feel- 
ing of  stinging  and  pricking.  Both  currents  applied  to  the  brain  and 
spinal  cord  excite  contractions  of  peripheral  muscles.  Applied  to  the 
sympathetic  both  currents,  according  to  the  degree  of  irritation,  cause 
contraction  or  dilatation  of  the  cerebral  vessels  j  the  faradic  producing 
the  same  effect  as  the  galvanic,  only  more  slowly.  Applied  to  the  pneu- 
mogastric,  whether  cut  or  injured,  both  currents  produce  about  the  sajne 
effects  on  the  heart.  Even  in  tlieir  action  on  the  nerves  of  special  sense 
the  currents  approach  each  other  far  more  closely  than  has  been 
supposed. 

In  temperaments  of  a  high  order  of  susceptibility  the  faradic  current 
may  so  excite  the  retina  as  to  cause  tlashes  before  the  eyes,  and  may 
produce  a  metallic  taste  in  the  mouth,  and  even  the  auditory  nerve  re- 
sponds to  the  faradic  current,  though  less  distinctly  than  to  the  gal- 
vanic current,  and  without  the  pecuHar  differential  action  of  the 
poles. 

Applied  to  motor  and  sensory  nerve  branches,  both  currents  and  both 
poles  cause  sensations  of  pricking,  tingling  and  numbness,  and  contrac- 
tions of  the  muscles  which  the  nerve  supplies.  Applied  lo  voluntary 
muscles  both  currents  cause  contractions,  the  faradic  more  readily  than 
the  galvanic  ;  applied  to  involuntary  muscles  both  currents  cause  slow 
contraction  at  both  poles  and  in  the  intermediate  region.  The  electro- 
lytic action  of  the  faradic  current  on  the  blood  or  on  the  tissues  of  tlie 
body  is  but  feeble  as  compared  with  that  of  the  galvanic  cmrent ;  but 
yet  it  exists,  and  from  the  inner,  or  primary  coil,  is  easy  of  demonstration  ; 
and  yet  it  must  be  confessed  that  in  their  chemical  action  the  currents 
diverge  more  widely  than  in  any  other  physiological  effect. 

Over  nutrition  both  currents  and  both  poles  have  a  powerful  influence, 
the  faradic  acting  more  prominently  through  the  muscular,  the  galvanic 
through  the  nervous  system. 

From  the  accumulating  results  of  experiments  and  experience  in 
electro-diagnosis  and  therapeutics,  we  think  that  there  is  strong  reason 
for  regarding  the  essential  distinction  in  the  effects  of  these  currents  on 
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the  body  as  mainly  of  degree^ — practically  amounting,  it  is  true,  to  a 
difference  in  kind, — and  that  this  is  the  scientific  basis  for  their  differen- 
tial employment. 

In  the  form  of  localized  electrization  both  can  produce  muscular 
contractions  in  paraly/ed  muscles,  and  relieve  local  neuralgias ;  both 
cause  absorption  of  abnormal  secretions  ;  and  both  can  directly  affect 
the  brain,  spinal  cord,  sympathetic,  and  all  the  internal  organs,  pro- 
ducing, in  different  degrees,  the  various  therapeutic  results  that  directly 
and  indirectly  flow  from  electrical  excitation  of  these  parts.  In  the 
fonii  of  general  electrization  both  currents,  besides  producing  most  of 
tlie  other  results  of  localized  electrization,  act  as  powerfully  stimulating 
tonics,  and  thus  form  most  efficient  aids  in  the  relief  and  cure  of  nerv- 
ous exhaustion,  nervous  dyspepsia,  constitutional  neuralgia,  and  of  a 
wide  range  of  nervous  diseases  associated  with  or  dependent  on  general 
debility. 

In  electro-surgery  both  currents  avail  to  discuss  tumors,  heal  ulcers, 
and  hasten  absorption,  although  for  these  purposes  the  galvanic  is 
incomparably  the  more  effective. 

And  yet  the  difference  in  degree  between  the  effects  of  the  two  cur- 
rents is  so  marked  and  so  clearly  demonstrable,  as  to  be  practically 
equivalent  in  certain  instances  to  a  difference  in  kind,  and  to  give  v^t^ 
important  and  remarkable  advantages  to  one  current  or  the  other,  ac* 
cording  to  the  indications  required. 

The  advantages  of  the  galvanic  over  the  faradic  are : — 

1.  A  greatir  power  of  ovcnomini!^  rtsistanee.  It  therefore  affects  the 
brahi,  spinal  cord,  and  sympathetic  more  powerfully  than  the  faradic, 
since  the  anatomical  position  of  these  parts  is  such  that  considerable 
resistance  must  be  overcome  in  order  to  directly  affect  them.  For  the 
same  reason  it  is  usually  to  be  preferred  when  it  is  desired  to  affect  the 
middle  and  internal  car,  the  retina,  and  the  muscles  of  the  eye. 

2.  A  power  of  producing  muscular  eontracthm  in  cases  where  the 
faradic  fails.  This  peculiarity  of  the  galvanic  current  has  now  bem 
observed  so  frequently,  and  in  such  striking  instances,  that  it  has  be- 
come an  accepted  fact  of  electro-therapeutical  science.  Illustrative 
examples  will  be  given  in  the  section  00  paralysis.  After  a  certain 
amount  of  treatment  by  the  galvanic  current  the  paralyzed  muscles 
frequently  resume  their  susceptibility  to  the  faradic. 

3.  A  far  more  potent  electrotonic^   electrolytic^   and  thermic  action, 
>  The    chemical  power  of  the  galvanic  current  is  most  markedly  seen 

when  used  for  the  purposes  of  galvano-caulery  or  electrolysis.  The 
superior  efficacy  of  the    galvanic    current  to   the  faradic,  so  often 
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observed  in  the  treatment  of  neuralgia,  of  atrophied  muscles,  ; 
tism,  is  probably  dwe  to  its  greater  "  catalytic  "  action.     It 
induces  more  rapid  and  more  important  molecular  and  other  < 
the  tissues.     This  superiority  of  the  galvanic  current  is  supposed  ( 
due  to  its  more  continuous  duration  ;  it  moves  constantly  in  one  < 
tion.  and  thus  produces  more  powerful  electrolytic  effects  than  1 
radic  current  with  its  rapid  interruptions  can  possibly  produce. 

The  advantages  of  the  faradic  over  the  galvanic  current  are  ; 

I.  By  virtue  of  its  frequent  interruptions  it  more  easily  pr 
muscular  contractions  when  passed  over  the  muscles  or  the  nerra  { 
supply  them.  In  order  to  produce  full  muscular  contractions  with  a  j 
vanic  current  of  moderate  strength  it  is  nccessar)'  to  interrupt  the  I 
rent,  and,  unless  it  is  quite  powerful,  to  localize  at  least  one  of  \ 
electrodes  over  the  motor  nerve  by  which  the  muscle  is  supplied- 
is,  over  the  so-called  '*  motor  points."  On  the  contj-ar)',  the 
current  is  in  a  condition  of  rapid  interruption  and  produces  conn 
when  indifferently  passed  over  the  surface  of  the  muscle,  as  well  as  1 
localized  on  the  main  motor  nerve  that  supplies  it. 

This  advantage  of  the  faradic  current  is  best  appreciated  in  go 
faradization,  the  powerful  tonic  effects  of  which,  as  will  be  sees, I 
partly  and  quite  largely  due  to  the  passive  exercise  and  con* 
oxidation  and  other  important  changes  of  tissue  that  result  from  I 
several  thousand  muscular  contractions  that  take  place  during  lO  i 
nary  sitting.     In  localized  electrization  this  advantage  is  not  $o  do 
and  strongly  marked,  since,  in  this  method,  by  a  proper  knowlcdgel 
electro-therapeutical  anatomy  and  sufficient  care,  it  is  possible  to  c 
one  of  the  electrodes  on  the  "motor  points;"  and  yet  eveD  here  i 
faradic  current  is  much  more  convenient,  because  its  employmeotl 
quires  no  arrangement  for  interruption,  and  less  minuteness  of  atte 
to  the  situation  of  the  motor  nerves.     The  exceptional  cases  of  l 
sis,  where  the  muscles  have  lost  their  susceptibility  to  the  faradic  ( 
rent,  do  not  interfere  with  the  general  rule. 

a.  It  produces  greater  mechanical  effects.     These  mechanical  cffe( 
of  the  faradic  current  are  due  to  its  rapid  interruptions,  which  ( 
contractions  not  only  of  the  muscles,  but  also  of  the  contractile 
cells,  thus  stimulating   the    circulation,  and  with  it  the  procc»iC5 1 
waste  and  repair.     In  this  respect  its  action  is  similar  to  that  off 
bing,  pounding,  movements  and  vibrations.     These  mechanical  ( 
are  especially  indicated  in  the  treatment  of  diseases  of  the 
viscera,  which  are  supplied  with  contractile  fibre-cells  ;  an£sthesii,| 
general  muscular  debility. 
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3.  It  is  less  Hkfly  to  produce  unpleasant  or  harmful  effects,  when 
incautiously  used^  than  the  galvanic. 

To  confirm  this  statement  we  rest  mainly  on  the  evident  results 
of  clinical  observation.  We  may  indeed  refer  to  a  number  of  cases  of 
severe  constitutional  neuralgia  and  excessive  nervous  exhaustion  where 
the  faradic  current  invariably  relieved,  and  where  the  galvanic  current 
as  invariably  aggravated,  the  symptoms.  For  this  reason  it  is  better  to 
begin  the  practice  of  electro-therapeutics  with  the  faradic  current,  and 
for  those  families  who  desire  a  scientific  plaj'thing,  the  faradic  machine 
is  safer  than  the  galvanic  apparatus. 

In  all  applications  to  the  head,  neck,  and  spine  especially,  applica* 
tions  of  the  galvanic  current  can  rarely  be  protracted  without  injury, 
while  in  many  cases  the  spine  and  neck  may  be  faradized  through  very 
prolonged  sittings,  with  positive  benefit  to  the  patient.  To  the  head, 
also,  a  faradic  current  of  a  proper  quality  may  be  applied  much  longer 
than  a  galvanic  current,  before  unpleasant  dizziness  or  headache  is 
excited.  The  belief,  pretty  generally  entertained  in  Europe,  that  the 
faradic  current  cannot  be  applied  to  the  head  without  injury,  is  to  be 
accounted  for  by  the  fact  that  most  of  the  electric  machines  there  em- 
ployed are  separate  coil  machines,  and  do  not  furnish  a  current  of  suffi- 
cient smoothness  for  faradization  of  the  head.  Most  of  those  who  at- 
tempt  this  method  of  treatment  use  too  small  electrodes,  and  thus  give 
the  current  greater  density  than  the  brain  can  bear.  Galvanization  of  tlie 
eye  or  ear,  or  of  the  cervical  sympathetic,  must  always  be  shorter  than  fara- 
dization of  the  same  parts.  These  considerations,  however,  need  not  inter- 
fere with  the  use  of  the  galvanic  current  to  these  parts,  in  all  cases  where 
it  offers  a  positive  advantage  over  the  faradic.  There  is  no  real  danger 
in  using  either  current  on  any  patient,  provided  it  be  used  properly. 

A  consideration  of  some  practical  importance  with  general  practi- 
tioners is,  that  the  faradic  apparatus  is  more  convenient,  more  portable, 
than  even  the  compactest  galvanic  apparatus  that  has  yet  been  devised- 
It  is  impossible,  however,  for  any  practitioner  to  realize  anything  like 
the  full  benefit  of  electrization  without  apparatus  for  the  galvanic  as 
well  as  the  faradic  current. 

The  general  differential  indications  for  the  use  of  the  two  currents 
may  be  thus  summed  up.     The  galvanic  should  be  used — 

1.  To  act  ivith  special  electrotonic  and  electrolytic  power  on 
the  brain^  spinal  cord^  sympathetic^  or  any  part  of  the  central  or  per iph- 
rral  nervous  system. 

2.  To  produce  contractions  in  paralyzed  muscles  that  fail  to  respond 
to  the  faradic.  . 
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3.  In  eUctro-surgery^  to  produce  electrolysis  or  cauia-ization. 
The  faradic  should  be  used — 

1.  To  act  MILDLY  on  the  brain,  spinal  cord,  sympathetic,  or  any  pari 
of  the  central  or  peripheral  nervous  system. 

2.  To  excite  muscular  contractions  wherever  the  muscles  are  not  so 
much  diseased  as  to  be  unable  to  respond  to  it. 

3.  To  produce  strong  mechanicaJ  effects. 

Both  are  essential  in  electro-diagnosis — the  faradic  especially  for  the 
muscles,  and  the  galvanic  especially  for  the  nervous  system  ;  and  both 
are  adapted  for  general  as  well  as  l(xalized  electrization,  although  in 
general  electri/^aiion  the  faradic  current  is  chiefly  used.  Jt  logically 
follows  from  what  has  been  said  that  very  many — perhaps  the  majority 
— of  diseases  are  best  treated  not  by  one  current  exclusively,  but  by 
both  currents,  either  in  alternation  or  succession.  Special  indications 
will  be  given  under  the  special  diseases. 

The  two  currents  compared  to  bromide  of  potassium  and  hydrate  of 
chloral. 

We  are  accustomed  to  compare  in  a  rough  way  the  differential  action 
of  the  currents  with  the  differential  action  of  bromide  of  potassium  and 
hydrate  of  chloral,  the  faradic  current  being  the  bromide  of  potassium, 
and  the  galvanic  the  hydrate  of  chloral. 

Bromide  of  potassium  is  a  safer  remedy  tlian  hydrate  of  chlora 
but  there  are  very  many  cases  where  it  is  powerless,  and  the  hydrate  > 
chloral  acts  as  a  specific  ;  so  the  faradic  current  is  safer  than  the  ga 
vanic,  and  therefore  better  adapted  for  general  use,  and,  for  those  whc 
use  but  one  current,  fulfils  a  larger  requirement  ;  and  yet  there  arc 
many  cases  where  it  fails  and  the  more  powerful  galvanic  is  demanded. 
Except  for  the  cases  where  the  galvanic  current  is  dearly  indicated,  it 
is  well  to  begin  with  tlie  faradic  current,  just  as  we  use  bromide  of 
potassium  before  resorting  to  hydrate  of  chloral. 

A  combination  of  bromide  of  potassium  and  hydrate  of  chloral  is 
frequently  more  effective  in  producing  sleep  and  relieving  pain  than 
either  remedy  when  used  alone  :  similarly  the  combined  or  alternate 
use  of  the  faradic  or  galvanic  currents  will  sometimes  accomplish  mucij 
more  than  either  current  used  exclusively. 

CALVANO-FARADIZATION. 


In  order  to  secure  the  advantages  of  both  currents,  and  at  th^  sani« 
time  to  avoid  the  trouble  and  inconvenience  of  employing  them  in  suc- 
cession, or  alternately,  as  is  so  frequently  necessary,  we  have  devised  1 
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method  of  using  them  simultaneously.  To  this  method  we  have  given  a 
name  which  sufficiently  expresses  its  character — galvano-faradization. 
It  may  be  either  general  or  localized. 

The  method  of  general  galvano-faradization  requires  a  double 
electrode,  with  one  part  for  the  galvanic  and  the  other  for  the  faradic 
current.  The  copper  plate  may  be  connected  at  one  part  with  the 
pole  of  the  faradic,  and  at  another  with  that  of  the  galvanic  apparatus ; 
thus  the  circuit  is  completed  for  both  currents. 

In  localized  galvano-faradization  it  is  necessary  to  have  in  use  two 
double  electrodes ;  for  this  purpose  the  double  excitors  of  Duchenne 
answer  very  well.  By  a  proper  construction  and  adjustment  of  the 
electrodes  it  is  possible  to  localize  the  two  currents  very  near  to  each 
other.  Whether  any  special  therapeutical  advantage  arises  from  the 
simultaneous  use  of  the  two  currents,  we  are  unable  to  state. 

We  allow  the  above  description  of  galvano-faradization  to  stand  just 
as  it  appeared  in  the  first  edition. 

Since  we  have  used  central  galvanization — ^a  method  to  be  subse- 
quently described — ^we  have  dispensed  almost  entirely  witli  general 
cralvano-faradization. 


CHAPTER  V. 


THE    PRINCIPLES    OF    ELECTRO-DIAGNOSIS    (eLECTRO-PATHOLOGV). 

In  this  chapter    we  shall  spealc  only  of  the  principles  on   which' 
electricity  is  used  as  a  means  of  diagnosis  in  medicine.     The  details 
and  special  applications  of  these  principles  will  appear  under  the  vari- 
ous diseases, 

A  history  of  the  use  of  electricity  as  a  means  of  diagnosis  would  very 
likely  be  the  history  of  electro-therapeutics  itself  As  soon  as  men 
began  to  use  the  voltaic  pile  in  the  treatment  of  paralysis  and  kindred 
diseases,  about  the  middle  of  the  last  century,  just  so  soon,  probably, 
they  began  to  test  the  power  of  the  electric  current  to  diagnosticate 
disease.  We  logically  infer  that  electrization  was  used  as  a  means  of 
diagnosis  much  earlier  than  the  published  treatises  on  the  subject  would 
show,  from  the  fact  that  it  has  been  so  used— in  a  blind  and  empirical 
way,  it  is  true — in  this  country,  for  thirty  or  forty  years.  Mankind, 
always  and  everj-where,  are  superstitious,  credulous,  ready  to  receive 
whatever  approaches  them  with  an  air  of  mystery,  much  more  so  in  the 
last  century  than  in  the  present ;  and  it  is  certainly  not  unfair  to  sup- 
pose that  the  earlier  experimenters  in  this  department  consulted,  to  a 
greater  or  less  extent,  the  diagnostic  or  prophedc  power  of  the  subtle 
agent — electricity.  Their  experiments,  we  may  suppose,  were  unscien- 
tific and  unsatisfactory.  They  were  probably  neither  based  on  any 
well-defined  principles,  nor  conducted  by  any  intelligible  system.  Ac- 
cordingly, they  secured  very  few  tangible,  or  at  least  communicable,  re- 
suits,  and  if  scientific  men  had  not  espoused  the  cause  of  electro-thera- 
peutics, the  phrase  electricity  as  a  means  of  diagnosis,  would  never  have 
been  known.  Nearly  all  that  has  been  accomplished  in  a  scientific 
way,  in  this  department,  is  comparatively  recent  j  though  Marshall  Hall 
earnestly  called  the  professional  attention  to  the  fact  that  Electricity 
might  assist  us  in  differentially  diagnosticating  paralysis  as  far  back  as 
1839.*  Since  that  time  the  subject  has  been  studied  by  neariy  all  the 
prom  nent  workers  in  the  department  of  electro-therapeutics. 
•  Mcdico-CWrurgical  Transactions,  1839. 
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In  order  to  be  expert  in  electro-diagnosis,  it  is  necessary  to  be 
thoroughly  familiar  with  the  normal  reaction  of  the  different  parts  and 
organs  of  the  body  to  faradic  and  galvanic  electricity.  The  founda- 
tion princiijles,  on  which  Electricity  can  be  made  a  means  of  diagnosis 
of  disease,  are  simply  these  four  : — 

First.  The  fact  that  all  the  farts  and  organs  0/  the  body  are  more  or 
less  sensitive  to  the  electric  current^  and  that  this  sensitiveness  is  modified 
by  disease.  This  electro-sensibility  may  be  either  increased  or  dimin- 
ished. 

If  an  electric  current  be  passed  through  a  boil,  or  irritable  ulcer,  or 
the  skin,  like  any  other  irritant,  it  excites  more  pain  than  when  it  is 
applied  ovcj  the  healthy  skin  ;  and  this  pain  which  it  causes  usually 
bears  quite  a  direct  proportion  to  the  nature  and  condition  of  the 
morbid  process.  This  is  so  familiar  and  so  apparent  an  example  of  in- 
crease of  electro-sensibility,  that  to  state  it  is  to  demonstrate  it.  The 
electric  currents,  during  the  various  processes  of  electrization,  penetrate 
beneath  the  skin,  and,  as  it  has  been  experimentally  and  practically 
demonstrated,  traverse,  to  a  greater  or  less  extent,  the  principal  vital 
organs.  It  is  evident,  therefore,  that  those  organs  which  are  abnor- 
mally sensitive,  through  disease  of  any  kind,  must  feel  the  current  much 
more  appreciably  than  when  in  a  condition  of  health. 

But  the  mechanical  effects  of  the  electric  ciurents  work  both  ways, 
and  organs  which  arc  indurated  or  changed  into  an  anaesthetic  condi- 
tion  by  disease  are  less  sensitive  than  is  normal  to  the  electric  curren(, 
just  as  they  are  less  sensitive  to  any  other  mechanical  cause  acting  upon 
them. 

Accordingly,  we  find  that  when  even  powerful  electric  currents  are 
passed  through  an  indurated  joint,  or  an  atrophied  liver,  or  any  part  the 
sensory  nerves  of  which  are  paralyzed,  they  may  produce  little  sensa- 
tion. 

Before  making  examinations  to  determine  the  sensitiveness  of  the 
different  parts  of  the  surface  of  the  body,  it  is  necessary  to  know  their 
relative  normal  sensitiveness,  as  indicated  and  described  in  the  chapter 
on  Electro-Therapeutical  Anatomy. 

No  absolute  Standard  of  Electro-sensibility, — We  have  no  absolute 
or  mathematical  standard  of  electro-sensibility  by  which  to  compare 
the  deviations  that  appear  in  disease.  We  can  only  compare  the 
sensitiveness  of  parts  with  the  average  sensitiveness  of  the  same  parts 
in  health.  When  half  the  body  is  diseased,  as  in  hemiplegia,  it  may 
readily  be  compared  with  the  electro-sensibility  of  the  healthy  side. 
In  all  these  examinations  into  sensibility  we  are  dependent  on  the 
20 
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statements  of  the  patient,  and  the  results  will  be  influenced  by  I 
telligence  and  honesty. 

It  need  hardly  be  said  that  the  diagnosis  obtained  by  obscr\*in 
increased  or  diminished  sensitiveness,  of  any  part  or  organ,  must,« 
cessity,  be  a  very  general  one.  It  simply  informs  us  of,  and  diri 
attention  to,  the  fact  that  such  a  part  or  organ  is  in  some  way  < 
The  special  nature  of  this  disease  must  be  determined  by  the 
means  of  differential  diagnosis  at  oar  command. 

This  sensitiveness  to  the  electric  current  is  particularly  marked  i 
the  prominent  nerve-tracts,  and  in  those  regions  endowed  irith  | 
tactile  sensibility.  If  even  a  mild  current  be  applied  at  those  | 
the  upper  or  lower  limbs  where  the  prominent  nerves  are  supcrl 
feeling  of  tingling  or  numbness  is  felt  through  the  branches 
affected  nerve  ;  and  if  the  current  is  very  much  increased  in  \ 
a  decidedly  anesthetic  effect  is  experienced.  In  paralysis  of 
tion,  or  anicsthesia,  this  feeling  of  tingling,  thrill,  aod  numb 
very  much  diminished  under  the  influence  of  the  electric  currentfjj 
entirely  absent.  It  is  on  this  principle  that  electricity  becomes  »( 
vahiable  means  of  diagnosis  in  the  various  stages  of  anacslhc 
condition  of  anaesthesia  or  analgesia  (loss  of  sense  of  pain)  can  i 
be  detected  by  the  brass  ball  employed  in  general  faradization,  i 
the  metallic  brush,  or  by  any  other  form  of  electrode.  To 
analgesia  the  electrode  should  be  moistened  so  that  the  currenfl 
penetrate  the  epidermis. 

General  faradization  is  found  to  be  of  practical  utility  m  aiding  i 
determine  the  locality  of  certain  diseases,  if  not   their  precise 
In  dyspepsia,   electrization    often    reveals   great   sensitiveness  itti 
epigastric  region,  and  on  the  left  side  over  the   spleen.     In 
djrspepsia,  accom[)anied  by  emaciation,  a  current  is  sometimes 
fully  transmitted  from  the  middle  of  the  back  to  the  stomach,  I 
the  solar  plexus.     A  peculiar  sinking  sensation  is  sometimrs  fell  i 
pit  of  the  stomach  when  a  strong  current  is  applied  over  tlic  i 
cervical  vertebra,  or  over  the  brachial  plexus.     All  these  syn 
taken  together,  undoubtedly  suggest  an  aggravated  case  of  djr 
and  usually  of  the  nervous  variety.     Congested  or  irritable  states  < 
liver  are  revealed  by  an  abnormal  and  peculiar  sensitiveness  \ 
current  is  applied  over  the  right  hypochondriac  region.     Cart  t 
taken,  however,  not  to  confound  the  normal  sensitiveness  of  the  su/>t\ 
nerves  over  the  ribs,  with  an  abnormal  condition  of  th4  lit^r, 
are  certain  diseases  of  this  organ  in  which  it  is  less  sensitive  than  \ 
to  electrization,  ai  d  sometimes  it  appears  to  be  decidedly  ; 
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A  lady  patient  of  oars  who  had  suffered  for  years  from  hepatic  disor- 
der was  very  sensitive  to  the  current  excepting  over  the  right  hypochon- 
driac region,  where  she  could  bear  the  whole  power  of  the  apparatus 
without  any  discomfort,  except  that  which  was  necessarily  caused  by 
the  natural  tenderness  of  the  skin.  The  precise  condition  of  the  livci 
at  that  time  we  were  not  able  to  ascertain.  The  evidence,  however, 
was  sufficient  to  confirm  our  previous  suspicions  in  regard  to  the  exis- 
tence of  some  afiection  of  that  organ.  It  may  be  said  in  general, 
that  those  diseases  which  cause  the  liver  to  be  sensitive  to  external 
I  pressure,  also  cause  it  to  be  sensitive  to  electrisation.  The  same 
[general  principle  will  apply  to  the  stomach,  the  spleen,  the  intestines, 
and  the  ovaries.  Our  experience  in  the  electrical  treatment  of  diseases 
of  the  lungs  has  not  been  large,  but  it  has  been  sufficient  to  make  it 
quite  probable  that  certain  sensitive  conditions  of  tuberculous  deposit 
'  tnay  be  suggested  by  abnormal  sensitiveness  to  the  faradic  current  over 
the  apex  of  the  chest. 

Electro-diagnosis  of  the  sensory  nerves  requires  us  to  examine  the 
condition  not  only  of  the  various  portions  of  the  skin,  but  also  of  the 
nerve-branches,  and  the  plexuses. 

If  in  cutaneous  anaesthesia  we  find  normal  sensitiveness  on  the  nerve- 
branches,  we  judge  that  the  disease  is  confined  to  the  nerve  ramifica- 
tions only. 

If  in  complete  anaesthesia  of  an  extremity  the  nerve  plexus  exhibits  a 
ilormal  reaction,  we  also  judge  that  the  disease  is  not  central  but  peri- 
pheral,  including  the  nerve-branches. 

J^or  the  purpose  of  testing  the  condition  of  sensation  the  faradic  cur- 
rent  is  usually  to  be  preferred,  for  the  reason  that  its  mechanical  effects 
are  greater  than  those  of  the  galvanic. 

The  electro-sensibility  may  be  normal  or  nearly  so  when  ordinary 
sensibility  is  much  diminished.  In  some  cases  of  posterior  sjjinal  scle- 
rosis, for  example,  a  moderate  electric  current  may  be  fully  perceptible 
while  a  pin  may  be  thrust  into  the  flesh  without  causing  any  pain. 

The  Head. — In  health  the  head  is  very  sensitive  both  to  galvaniza- 
tion and  faradization,  in  all  parts  except  the  posterior.  This  electro- 
sensitiveness  of  the  frontal  and  parietal  regions  of  the  head  is  due  to 
the  superficial  nerves,  and  not  to  the  brain  itself.  In  pathological  cases 
this  sensitiveness  may  be  either  increased  or  diminished. 

Spine. — In  health  the  spine  is  but  little  sensitive  to  the  current.  In 
pathological  cases  it  may  exhibit  a  sensitiveness  to  the  electric  current 
that  is  not  revealed  by  pressure  or  by  any  other  method  of  irritation. 
llus  conditio »  is  found  in  neuralgia,  spinal  irritation,  hysteria,  etc     It 
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is  interesting,  also,  to  know  that  electiic  examination  sometimes  hadi* 
cales  abnormities  in  the  sensitiveness  of  certain  parts  of  tlie  body  that 
exhibit  no  functional  derangement.* 

Sympathetic  and  Pncumogasirir. — The  ganglia  of  the  cervical  Bym% 
thetic  and  the  pncumogastric  may  be  examined  electrically  by  the  inner 
border  of  the  sterno-cleido-mastoid  muscle.  Somctijues  there  is  abnor- 
mal sensitiveness  all  along  the  bonier  of  the  sterno-cleido-mastoicl 
muscle  in  Uie  track  of  tlie  pncumogastric.  This  sensitiveness  is  found 
in  a  large  number  of  pathological  conditions,  locomotor  ataxia,  muscular 
atrojihy,  various  cerebral  affections,  etc.  We  have  observed  it  also  in 
spinal  irritation,  and  during  paroxysms  of  sick  headache.  This  abnor- 
mal sensitiveness  may  be  frequently  demonstrated  by  mechanical  pres- 
sure. We  are  disposed  to  regard  this  sensitiveness  a8  due  to  the  pneumo- 
gastric  more  than  to  tlie  sympathetic. 

Electro-muscular  Sensibility. — Electro-muscular  sensibility  includes  a 
feeling  of  pain  and  a  feeling  of  contraction.  The  latter  may  exist  with- 
out the  former. 

Success  in  investigating  electro-muscular  sensibility  depends  on  the 
condition  and  intelligence  of  the  patient 

In  conditions  of  cutaneous  hyperiesthesia  it  is  exceedingly  difficult, 
even  for  the  most  intelligent  patient,  to  distinguish  between  the  sensi- 
tiveness of  the  skin  and  that  of  the  muscle. 

In  paralysis  electro  muscular  sensibility  is  frequently  diminished, 
together  widi  the  electro-muscular  contractility ;  they  often  rise  and 
fall  together.  In  hysteria,  electro-muscular  sensibility  to  pain  is  some- 
times greatly  increased.  For  remarks  on  the  physiological  nature  of 
electro-muscular  sensibility,  see  Electro-Physiology,  p.  i6o. 

Secondly,  The  fact  that  the  electro-muscular  contractility  and  irriia^ 
bility  are  more  or  less  modified  by  disease. 

Irritability  strictly  refers  to  the  quivering  which  muscles  exhibit 
under  mild  currents ;  contractility  to  the  power  of  actually  contracting 
under  whatever  strength  of  current  may  be  necessary.  The  two  terms 
ore  very  frequently  used  interchangeably. 

That  muscular  contractions  can  be  produced  by  the  electric  currents, 
has  been  known  since  the  period  of  the  earliest  investigations  in  the 
department  of  electro  physiology. 

The  first  systematic  attempts  to  make  this  a  basis  for  establishing 

differential  diagnosis  were  made  by  Dr.  Marshall  Hall,  and  subsequently 

by  Dr.  Todd.     The  conclusions  of  these  distinguished  experimenter* 

are  quite  familiar,  and  as  they  were  unsatisfactory  and  partly  erroneoufti 

*  Benedikt  op.  dt.,  p.  6q, 
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l-nof   necessary  to  present  them  in  detail.     More  recent  investiga- 

t  have  established  that  tlie  behavior  of  the  deep-seated  muscles,  tn 

to  their  contractility,  is  a  much  more  complicated  question  than 

I  formerly  supposed.     The  contractile  power  of  a  muscle  is  made  up 

factors,  vir.:  the  excitability  of  the  intramuscular  nerve-fibre«, 

the  functional  capacity  or  irritability  of  the   muscular  substance 

When,  therefore,   the  contractile   power   of  a  muscle  differs  in 

'  respect  from  the  normal,  this  variation  may  be  due  to  an  abnormal 

of  either  one  or  both  of  these  factors.     Still   further,  it  is 

that  when  the  excitability  of  the  intramuscular  nerve-fibros  and 

initabihty  of  the   muscular   substance    are  increased,    yet    if  tl 

•  has  suffered  more  than  the  latter,  the   contractile  power  may 

,  and  vue  versd. 
fpm/arifig  healthy  with  diseased  sides  in  paralysis^  it  is  necessary 
r  na  only  the  same  strength  of  current,  but  also  the  same  relative 
r  and  pressure  0/  the  electrodes, 
iThe  general  principles  that  have  thus  far  been  established,  in  regard 
I  Ibe  relation  of  electro-muscular  contractility  to  disease,  are  as  fol- 

•  1st    In   paralysis   of  motion,   the  electro-muscular  oontractilttf  t» 
Dctimes  normal,  occasionally  increased,  and  very  ireqmefttly  (fimin- 

yrof  electro-muscular  contractility;  or  at  \aA  tA  bricabffify,  mtf 
tobflcned  in  diseases  of  the  brain,  attended  wiA  iiiitaare  leatotu,  \u 
spasmodic  and  hysterical  affectioo^  Jad  •raMMtfOf  ia  loco. 
r  ataxia.     Diminuiion  of  electro-mtaadbr  tattUKCSbt^  H  amaSy 

in  grave  lesions  of  the  anterior  cdiammS/  4d  ike  fpottl  cord, 
I  motor  tract  of  the  brain,  in  rheumatic  paolflii^  hiWlf  liy»  ■■  «eB* 
kcd  progressive  muscular  atrophy,  ad  is  ^ovsffHi  fw*  it^Tf  ^^ 

I  in  some  part  of  its  course. 
x).  In  certain  central  diseases,  the  duM'j  ujujiuijif 
t  first  normal  or  diminished,  and  aftervaidf  uiutxift  Wi 
flhe  disease,  until  it  becomes  greater  than  nomiaL 
The  length  of  time  that  is  necessaiy  to  illustrate  these  (ariJifciM  de- 
►  on  the  nature  of  the  dixaie.     In  chronic  intlaxnraauam  <34  A0 
I  cord,  in  effusions  in  die  brain,  causing  hemiplegia,  theie  vaiis^ 
iBiay  run  through  many  weeks  and  months.     In  cases  oCheaifile- 
\  also,  these  different  conditions  of  the  electro-muscular  ocntnaStkf 
r  ran  in  a  circle;  being  sometimes  normal,  sometime* 
socnetiroes  diminished  (Benedikt).     All  these  cbaogg^'^^ 
I  course,  to  certaui  changes  in  the   pathological    co«tf<i«»  «C  1 
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diseased  brain.     Just  what  this  correspondence  is  in  each  case,  cannot 
in  the  present  state  of  electro-pathological  science,  be  well  de  terra  in  ed. 

3d.  The  fact  that  certain  forms  of  paralysis  behave  very  differently 
under  die  faradic  and  the  galvanic  current.  Muscles  over  which  a 
faradic  current  can  have  no  influence,  may  contract  easily  under  a 
railder  galvanic  current  than  is  necessary  to  produce  contractions  of  the 
same  muscles  in  health.  Sometimes,  as  the  paralyzed  muscles  recover, 
they  regain  their  power  of  contracting  under  the  faradic  current,  at  the 
same  time  proportionately  losing  their  contractility  under  the  galvanic 
current.  This  law  is  most  readily  demonstrated  in  peripheral  facial 
paralj'sis. 

This  fact,  that  in  certain  peripheral  paralyses  gahano-musailar  ton- 
tractility  may  remain  after  farado  muscular  contractility  is  wholly  lost, 
was  first  pointed  out  by  Baierlacher  in  1859.  His  observations  have 
since  been  confirmed  by  Schulz,  Meyer,*  Althaus,  Hammond,  Radcliffc, 
Ziemssen.f  Legros  and  Onimus,|  ourselves, §  and  other  observers.  (Sec 
section  on  peripheral  paralysis.) 

From  the  experiments  of  Neumann  and  Briickner,  it  would  appear 
that  this  difference  in  the  action  of  the  two  currents  is  due  to  the  longer 
duration  of  the  galvanic  current,  which  allows  it  to  produce  an  effect 
on  the  diseased  muscles  which  the  faradic  current,  on  account  of  the 
rapidity  of  its  interruption,  could  not  produce.  It  was  found  by  these 
observers  that,  in  cases  of  muscular  degeneration,  where  contraction? 
under  the  galvanic  cuiTent  were  more  readily  excited  than  in  the  cor- 
responding muscles  of  the  healthy  side,  no  effect  was  produced  if  tfu 
current  was  very  rapidly  interrupted.  The  same  phenomena  were  ol> 
tained  from  experiments  on  the  sciatic,  crural,  tibial,  and  peroneal 
nerves.  It  has  been  suggested  by  Eulenburg  that  just  as  the  sensory 
nerves  have  several  distinct  functions,  as  touch,  sensibility  to  pain, 
temperature,  pressure, — one  or  more  of  which  may  be  abolished  while 
the  rest  are  intact, — so  the  motor  nerves  may  have  three  distinct 
powers, — response  to  galvanization,  to  faradisation,  and  to  the  will, — 
one  or  two  of  which  may  be  separately  injured  or  abolished  by  disease. 

In  regard  to  their  irritability  when  in  a  pathological  condition,  mus- 
cles and  nerves  are  subject  to  different  laws. 

It  has  been  shown  by  Erb,||   and  corroborated  by  Ziemssen  and 

*  Op.  dt.,  p.  417. 

f  Electricilat  in  der  Medicin,  1866,  p.  76. 

%  Op.  cit.,  p.  61. 

§  New  York  Medical  Record,  1868,  p.  409. 

I  Deutsches  Archlv  fur  klinische  Medicin,  Band  iv.,  i866w 
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Weiss,*  that  the  motor  nerves,  when  they  have  been  so  injured  as  to 
lose  their  irritability  to  the  faradic  current,  also  lose  their  irritability  to 
the  galvanic  current,  and  that  the  increased  irritability  which  is  seen  in 
such  cases  under  galvanisation  is  due  to  the  viuscles. 

After  the  nerve  has  been  injured  by  actual  division,  by  bruising,  or 
by  rheumatic  effusion,  it  at  once  begins  to  lose  its  irritability  to  both 
galvanic  and  faradic  currents. 

This  diminution  of  irritability  advances  from  the  centre  towards  the 
periphery,  and  at  the  end  of  the  second  week  both  galvanic  and  faradic 
irritability  are  destroyed.  As  the  nerve  recovers,  irritabihty  to  the  gal- 
vanic and  the  faradic  currents  reappear  together. 

With  the  muscles,  on  the  other  hand,  there  is  at  first  no  lessening  of 
the  irritability  to  either  current  until  after  a  week.  At  this  time  the 
faradic  irritability  begins  to  fall  and  the  galvanic  irritability  begins  to 
rise.  In  a  few  days  the  galvanic  irritability  becomes  so  much  increased 
that  the  muscles  respond  to  a  much  feebler  current  than  usual.  .\t  this 
stage  there  is  a  change  in  the  character  as  well  as  in  the  degree  of  the 
irritability  of  the  muscles. 

This  change  is  twofold  : — 

1.  The  negative  pole  produces  as  great  or  greater  effects  on  opening 
than  the  positive  :  in  a  normal  condition  of  the  muscles  the  positive 
produces  greater  effects  on  opening  than  the  negative. 

2.  The  positive  pole  produces  a  greater  effect  on  closing  than  on 
opening ;  in  a  normal  condition  of  the  muscles  the  greater  effect  at  the 
closing  is  produced  by  the  negative  pole. 

In  about  twelve  weeks  there  is  a  renewed  diminution  of  galvanic  ir- 
ritability;  this  diminution  goes  on  until  twice  as  great  a  strength  of 
current  is  necessary  to  produce  contractions  as  in  tlie  corresponding 
muscles  of  the  healthy  side.  Slight  contractions  may  now  be  produced 
by  the  faradic  current. 

These  changes  of  irritability  seem  to  bear  no  definite  relation  to  the 
volitional  power. 

Effects  of  Paralysis  or  Electric  Reaction  not  always  immediate. — It 
should  be  remembered  that  the  characteristic  reaction  of  paralyzed 
muscles  to  the  electric  influence  is  frequently  not  observable  at  the  out- 
set of  the  disease  :  sometimes  several  weeks  elapse  before  there  ap- 
peals the  diagnostic  evidence  of  changed  electro-muscular  contractility 
or  sensibility.  Especially  is  this  the  case  in  spinal  paralysis,  also  in 
rheumatic  and  facial  paralyses,  sometimes  also  in  hemiplegia.  Again, 
it  b  necessar)*,  in  doubtful  cases,  not  to  depend  on  any  single  examina* 
•  Ibid.,  Band  iv.,  186S. 
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tion,  but  to  form  an  opinion  from  a  number  of  examinations  takea  at 
different  times. 

VoiUional  Contractility  may  exist  when  EUctro-eontractility  is  du 
minished, — ^The  volitional  power  may  remain  when  the  electric  contracd. 
lity  is  diminished-  If  a  muscle  exhibits  diminution  of  contractility  under 
electric  irritation,  but  reacts  normally  to  the  will,  the  conclusion  is  that 
the  muscle  is  not  injured,  but  that  the  abnormity  is  caused  by  change  ii> 
the  irritability  of  the  intra-muscular  fibres.  This  is  observed  in  certain 
stages  of  traumatic  and  lead  paralysis.  We  arrive  at  the  same  condtt- 
sion  in  those  cases  where  the  muscles  refuse  to  contract  under  direct, 
but  respond  normally  to  indirect,  electrization. 

Muscles  of  the  eye  are  an  exception  to  this  rule,  since,  from  their 
anatomical  position,  they  cannot  be  made  to  contract  by  direct,  but 
only  by  indirect,  retlex  action  from  the  fifth  pair. 

Cases  where  reaction  is  lost  botli  to  the  will  and  electricity  indicate 
actual  injury  of  the  muscle. 

Fiu-thermore,  it  should  be  considered  that  the  electro-muscular  con- 
tractility and  sensibility  of  diseased  muscles  may  be  and  are  greatly 
modified  by  the  treatment,  both  permanently  or  temporarily.  Modifi- 
cation may  take  place  even  during  the  seance. 

Thirdly.  That  the  special  physiological  reactions  of  the  central 
and  peripheral  nervous  systems  to  the  galvanic  current  are  essentially 
chan,^ed  when  the  nerve  is  in  a  pathological  condition. 

This  is  true  of  the  spinal  cord,  the  motor  and  sensory  nerves,  sp 
cord  and  nerves  of  special  sense,  and  of  the  s)-mpathetic.  Accord 
to  Benedikt,  if  the  negative  pole  is  placed,  for  example,  on  the  pero- 
neal nex"ve,  and  tlie  positive  on  the  patella,  uith  an  intemtpted  current, 
a  weaker  irritation  appears  than  when  the  positive  pole  is  placed  on 
the  cervical  or  Imtibar  vertebrae.  The  more  the  central  parts  arc  in- 
cluded in  the  circuit  the  greater  the  irritation.  In  paUiological  con- 
ditions this  reaction  is  changed. 

Opening  contractions  are  regarded  by  Benedikt  as  characteristic 
evidences  of  certain  forms  of  locomotor  ataxy.  They  are  observed 
also  in  neuritis  and  in  chorea  minor.  They  indicate  a  uwlecular  dis- 
turbance. They  accompany  both  increased  and  diminished  irritability, 
usually  the  latter,* 

Nerves  of  Special  Sense. — ^The  changes  of  the  reaction  of  the  nerwes  o£ 
special  sense  to  electric  irritation  may  be  both  quantitative  and  qualitative, 

•  These  views  of  Benedikt,  concernin;j  the  jngnifjcance  of  "  opening  contractions," 
have  been  severely  criticised  by  Brenner  ("  Untcrsuchungcn,"  &c.,  Bd.  ii.,  1869,  {^ 
21$,  elseq.). 
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'  Nerve. — It  has  been  shown  that  the  reaction  of  the  aadltory 
nerve  to  galvanic  irritation — the  strong  subjective  sensations  of  sound 
— is  materially  changed  by  disease ;  and  by  this  we  judge  of  the 
condition  of  the  nerve.     (See  Diseases  of  the  Ear,) 

Optic  Nerve. — The  reaction  of  the  optic  nerve  under  the  influ- 
ence of  the  galvanic  current,  is  attended  with  flashes  of  light.  The 
qualitative  changes  in  reactions  of  the  optic  nerve  to  clcctriciil  irrita- 
tion are  numerous.  In  certaui  pathological  cases,  as  we  have  observed, 
flashes  of  light  may  be  produced  by  the  faratUc  current,  in  other 
pathological  cases,  as  severe  atrophy  of  the  retina,  the  flashes  of  light 
do  not  appear  during  galvanization,  or  only  when  a  very  strong  current 
is  used.  We  have  observed  very  marked  differences  in  the  reaction  of 
the  optic  nerve  in  the  two  eyes  when  one  was  diseased  and  the  other 
healthy.  Flashes  of  light  from  galvanization  of  the  lower  part  of  the 
spine  are  indicative  of  abnormal  irritability  or  organic  disease  of  the 
spinal  cord.  They  are  observed  in  locomotor  ataxia  and  spinal 
irritation. 

Olfadory  and  Gustatory  Nerves. — ^The  peculiar  smell  that  is  ex- 
perienced on  galvanization  of  the  olfactory  nerve  may  be  either  in- 
creased or  diminished  by  disease.  It  is  absent  in  paralysis  of  the  olfac- 
tory nerve. 

The  peculiar  metallic  taste  that  follows  galvanisation  of  the  tongue, 
or  that  is  experienced  by  reflex  action  when  the  galvanic  current  is  ap- 
plied on  the  neck  and  upper  part  of  the  spine,  is  subject  to  various 
modifications  by  disease.  In  irritable  conditions  of  the  cord  we  have 
observed  that  this  metallic  taste  will  appear  when  the  application  is 
made  in  the  lower  part  of  the  spine.  In  two  striking  instances  it  was 
experienced  from  faradization  of  the  cilio-spinai  region. 

Fourth.  The  fact  that  in  certain  central  diseases,  and  in  conditions 
of  great  irritability,  as  hysteria,  the  reflex  effect  of  the  current  is  so 
exalted  as  to  excite  reactions  that  in  a  normal  condition  of  the  body  never 
appear.  Thus,  in  a  lady  of  middle  life,  who  for  several  years  had  suf- 
fered from  all  the  symptoms  of  declared  chronic  myelitis,  we  were  first 
struck  by  the  fact  that  even  a  very  mild  current  over  the  upper  portion 
of  the  back  was  sensitively  felt  down  the  right  leg.  This  symptom  we 
have  never  known  to  occur  in  a  perfectly  healthy  condition  of  the 
spinal  cord.  Afterwards  we  found  that  a  very  short  as  well  as  very 
mild  application  of  the  current  to  one  leg  caused  a  disagreeable  feeling 
of  pain  and  heaviness  not  only  in  this  leg,  but  also  in  the  other,  for 
several  days  following  the  application.  In  another  case  of  general 
r<a:'alysis  dependent  on  hysteria,  a  v^xy  feeble  •  ^  '•'  '^^** 
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hand,  or  in  one  foot,   would  be  appreciably,  and  oftentimes  | 
felt  through  all  the  four  extremities.     The  patient  declared  lhjit| 
sensation  was  like  that  of  "waves  rolling  through  the  body." 

A  still  more  marked  illustration  of  this  diagnostic  power  of  eU 
tion  was  the  following  : 

In  the  case  of  a  lady  whose  lower  litnbs  had  been  somewhatj 
lyzed  for  two  years,  who  presented  no  marked  symptoms  of 
organic  disease  of  the  cord,  we  were  inclined  to  suspect  that  her  j 
plegia  might  be  due  to  nervous  exhaustion,  until  this  abnonnalj 
sensitiveness  to  the  electric  current  seemed  to  establish  the 
of  myelitis,  or  at  least  meningitis.     We  first  observed  that  a  feebll 
rent  in  the  neck  was  felt  down  the  spine,  and  subsequently  the  | 
complained  that  a  strong  current  down  the  lower  extremities  i 
milted  pain  to  the  back.     The  occurrence  of  this  abnormal  sy 
forced  us  to  the  imwilling  conclusion  that  we  were  dealing  wJtli  &I 
of  organic  disease  of  the  spine.     The  subsequent  history  of  i 
has  confirmed  this  diagnosis.     It  has  been  shown  by  Bcnediki,* 
in  certain  morbid  conditions,  electrization   of  one  extremity 
contractions  in  the  other.     This  phenomenon  has  been  ob 
progressive  muscular  atrophy,  and  in  certain  reflex  neuroses.     In  sl 
of  rheumatic  gout  that  we  treated  the  application  of  the  gal«4iii&l 
rent  to  the  left  knee  caused  a  sharp  pain  in  the  corresponding  | 
the  right  knee. 

This  fact  enables  us  not  only  to  make  a  diagnosis  of  central  < 
but  in  certain  cases  even  to  suspect  the  seat  of  the  aflfeclion. 

\Ve  are  confident  that  in  all  cases   of  crossed  reflex  cont 
— ^just  as  in  the  cases  of  crossed  reflex  sensation  above  cilcd- 
always  some  central  disease.     This  symptom  when  it  occurs  maf 
haps  then  be  regarded  as  so  far  forth  diagnostic. 

Crossed  reflex  sensations  and  crossed  reflex  contractions  mlfl 
manifested  simultaneously  in  a  patient  affected  with  organic  di» 
the  spinal  cord.     This  singular  coincidence  was  observed  in  the  ' 
above  recorded  of  the  lady  who  complained  of  waves  of  ser^ 
over  the  body  when  the  current  was  applied  to  any  one  of  ih 
tremitics.     These  peculiar  sensations  were  sometimes  accompanied tf| 
feeble  and  spasmodic  muscular  contractions. 

General  shaking  and  tremor  of  a  limb,  or  of  the  whole  body, ! 
electrization,  is  also  diagnostic  of  central  disease.     We  have  obserre^ll 
in  one  case  of  softening  of  the  brain,  and  in  a  number  of  cases  of  kfl^J 
plegia.     This  general  or  partial  tremor  does  not  appear  unless  &  < 
*  Die  Elektrotherftpie,  p.  63. 
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siderable  strength  of  current  has  been  employed,  or  the  application  has 
been  much  prolonged. 

DipUgic  Contractions. — Remak,*  of  Berlin,  was  the  first  to  note  the 
fact,  that  contraclions  of  the  muscles  of  one  or  both  of  the  upper  extremi- 
ties may  sometimes  be  produced  by  placing  the  positire  pole  in  the 
auriculo-maxillary  fossa,  just  ]>osterior  to  the  ascending  ramus  of  the  lower 
jaw,  and  the  negative  by  the  side  of  the  sixth  cervical  vertebra.  The 
theory  of  Remak,  that  these  contractions,  to  which  he  gave  the  name  of 
^^  diplegic*'  were  caused  by  irritation  of  the  superior  ganglia  of  the  sym- 
pathetic, was  apparently  confinned  by  Fieber.f  by  experiments  on  ani- 
mals in  whom  the  sympathetic  was  exposed,  and  subjected  to  the  action 
of  the  current. 

Strong  currents — from  twenty  to  forty  elements — are  usually,  though 
not  always,  necessary  to  produce  these  contractions.  The  contractions 
may  be  of  various  degrees,  from  mild  drawing,  with  scarcely  perceptible 
oscillations,  to  violent  movements  resembling  chorea.  They  may  appear 
in  the  interossei  or  in  the  muscles  of  the  arm  or  forearm  of  one  or  both 
sides.  They  may  also  appear  in  other  positions  of  the  electrode  than 
the  one  described.  From  one  to  five  minutes  are  usually  necessary  to 
excite  them,  and  they  may  continue  for  a  few  moments  after  the  appli- 
cation has  ceased. 

That  these  so-called  diplegic  contractions  are  a  reality  and  not  a  de- 
lusion, as  some  have  declared,  we  have  demonstrated  in  a  number  of 
cases,  and  especially  in  progressive  muscular  atrophy.  The  cases  where 
they  are  readily  demonstrated,  are,  according  to  our  observation,  not 
frequent,  and  we  can  easily  see  that  one  might  practise  electro  therapeu- 
tics for  a  long  time  without  seeing  any,  especially  as  currents  of  con- 
siderable strength,  applied  in  a  certain  manner,  are  necessary'  to  pro- 
duce them. 

The  evidence  that  these  contractions  occur  exclusively  through  the 
sympathetic  is  not  to  our  view  satisfactory,  and  there  is  stronger  proba- 
bility that  the  spinal  cord  is  the  centre,  which  in  certain  irritable  con- 
ditions exhibits  these  manifestations  under  strong  electrical  stimula- 
tion. In  none  of  the  methods  of  application  where  these  diplegic  con- 
tractions are  called  forth  is  it  possible  to  localize  the  current  in  the 
sympathetic  The  special  diagnostic  value  of  these  contractions  is  not 
great  They  occur  not  only  in  progressive  muscular  atrophy,  but  in 
hysteria  and  hysteroid  affections,  and  would  appear  to  be   pathogno- 

*  Application  du  courant  constant  au  traiternent  des  neuroses.     Paris,  XS65. 
f  Die  diplegischen    Contractionen   nach   Versoct  **i   Uiv^ 

Berlin,  1866,  pp.  21,  32,  23. 
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tnonic  of  no  one  special  disease,  but  rather  of  a  condition  of  Irritabifit^ 

of  ihe  nerve-centres  that  may  appear  in  many  different  diseases. 

Fdgned  Disias^es. — By  the  application  of  the  principle*  stated  above 
the  electric  currents  may  be  of  great  service  in  helping  us  to  distinguish 
real  from  feigned  disease.  A  case  of  pretended  paralysis  of  motion  oi 
sensation  can  readily  be  settled  by  applying  the  current  to  the  limb, 
since  no  force  of  will  can  fully  resist  the  energy  of  the  contractions  thai 
electricity  may  excite  in  healthy  muscles,  or  the  pain  that  can  be  pro- 
duced by  strong  faradization  of  the  skin.  The  principle  will  work  both 
ways,  and,  if  the  electro -n>uscular  contractility  is  diminished  below  the 
normal  standard,  we  may  know  that  the  disease  is  real.  Where  one 
side  or  one  limb  only  is  affected,  the  comparison  between  the  healthy 
portions  and  those  where  disease  is  suspected  can  easily  be  made.  Dr. 
Russell  Reynolds  *  mentions  a  patient  with  hemiplegia  who  was  sup- 
posed to  be  malingering.  Electrization  of  the  limbs  on  both  sides 
showed  clearly  a  diminution  of  contractility  on  one  side,  as  the  patient 
represented,  and  accordingly  the  case  was  pronounced  to  be  one  of  real 
hemiplegia. 

Dr.  Althaus  f  records  a  case  of  su9^)ected  malingering  that  he  studied 
by  the  aid  of  electricity.  A  member  of  a  workingmen's  benefit  soci- 
ety professed  that  he  had  lost  the  use  of  his  arm  in  consequence  of  an 
accident — a  fall — three  years  before.  The  question  was  whether  the 
society  should  give  him  the  ji^ioo  to  which  permanently  incapacitated 
members  are  entitled.  The  patient,  though  tall  and  strong,  had  done  no 
work  since  the  accident,  and  professed  to  be  unable  to  undress  himself. 

On  examination  with  the  faradic  current,  Dr.  Althaus  found  tliat  ail 
the  muscles  of  the  arm  responded  without  difficulty  ;  he  therefore  con- 
eluded  that  the  nerves  and  muscles  were  uninjured — in  other  words, 
that  there  was  no  paralysis.  He  found,  however,  that  when  a  ttsf 
strong  current  was  used  the  patient  appeared  to  suffer,  but  the  arm  did 
not  execute  the  movements  it  should  do  when  the  muscles  contract. 
Accordingly,  he  had  the  patient  anaesthetized  by  nitrous  oxide  gas»  in 
order  to  sec  whether  any  anchylosis  existed  that  might  interfere  with 
the  movements  of  tlie  arm.  It  was  found  that  no  anchylosis  existed* 
Dr.  Althaus  gave  a  certificate  that  the  patient  had  no  paralysis  and 
no  anchylosis  or  dislocation,  but  that  tliere  was  a  painful  affection  of 
the  joint  which  would  yield  to  subcutaneous  injections  of  morphia  and 
galvanism,  and  that  the  patient  could  use  the  arm  if  he  wished  tow 
The  claim  for  benefit  money  was  disallowed. 

Faradization  as  a  mmns  of  distinguishing  real  from  apparent  deaths 
*  Lancet,  April  16,  1S70.  f  Third  fidiHon,  p.  4S5. 
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EUcirO'Bioscopy. — The  use  of  electricity  as  a  means  of  distinguishing 
real  from  apparent  death  was  suggested  as  long  ago  as  1792,  by  Drs. 
Bchrend  and  Creve.  Subsequently  lk>er,  of  Vienna,  used  frankliuic 
elrctricily  on  newly-born  infants,  and  found  that  when  musculai-  con- 
tractions  still  existed,  then  the  child  was  not  dead,  but  could  be  re- 
stored. 

In  1852,  Dr.  Crimotel,  of  Paris,  wrote  a  memoir  in  which  he  stated 
that  when  farado-contractility  is  gone,  life  is  extinct.  Ho  slated  fur- 
thermore that  farado-contractility  gradually  disajjpears  after  death,  and 
that  after  a  period  ranging  between  half  an  hour  and  two  hours  it  en- 
tirely disappears.  He  suggested  the  term  ehctrohioscopy.,  and  recom- 
mended that  those  who  are  apparently  dead  from  drowning,  syncope, 
apoplexy,  freezing,  hysteria,  and  the  inhalation  of  poisonous  gases, 
should,  before  burial,  be  tested. 

Rosenthal,  of  Vienna,  has  also  studied  the  subject  with  much  care, 
le  has  found  that  both  farado-  and  gal vano  contractility  gradually  disap- 

"pear  after  death.     He  agrees  in  the  main  with  Crimotel  in  the  follow- 
ing general  conclusions : 

Electro-contractility  disappears  more  rapidly  after  death  from  chronic 
than  acute  diseases ;  it  persists  longer  in  loell  than  in  badly  nourished 
bodies,  and  it  usually  disappears  within  three  hours. 

Rosenthal  found  that  in  amputated  limbs  the  farado-  and  galvano-con- 
tractility  were  active  the  first  hoiu-,  and  entirely  disappeared  in  ninety 
minutes.  In  case  of  drowning  electro-contractility  disappeared  in  three 
hours  and  a  quarter.  In  some  cases  where  rigor  mortis  has  not  ap- 
peared, where  the  temperature  of  the  body  is  yet  quite  high,  and  where 
the  joints  are  flexible,  the  absence  of  electro-contractility  yet  proves 
beyond  question  that  the  person  is  dead. 

Rosenthal  further  records  a  very  remarkable  case  of  trance  in  a  hys- 

.terical  woman,  where  it  was  declared  and  believed  by  the   physician 

I  that  the  patient  was  dead.  The  skin  was  pale  and  cold;  the  pu- 
pils contracted,  and  not  sensitive  to  light ;  no  pulse  could  be  felt ; 
the  extremities  were  relaxed ;  melted  sealing-wax  dropped  on  the 
skin  caused  no  reflex  movements,  and  no  moisture  appeared  on  a 
mirror  held  before  the  mouth.  Respiratory  murmurs  could  not  be  heard, 
but  a  feeble  intennittent  sound  in  the  cardiac  region  was  just  percepti- 
ble on  auscultation.  For  thirty  two  hours  the  patient  had  been  appar- 
ently de.ad  ;  but  on  electric  examination  Rosenthal  found  farado-con- 
tractility  in  the  muscles  both  of  the  face  and  the  extremities.  He 
liercforc  urged  the  use  of  the  faradic  "store  the  patient. 

'In  twelve  hours  the  patient  recoven  -nts. 
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Two  years  afterwards  she  was  alive  and  well,  and  informed  Roseiilli^| 
that  she  knew  nothing  about  the  commencement  of  the  attack  of  tttl 
trance,  and  that  afterwards  she  heard  people  talk  about  her  death,  Im|| 
she  was  powerless  to  help  hersel£ 


CHAPTER  VI. 


ELECTRO-THERAPEUTICAL   ANATOMY. 


Electro-therapeutical  anatomy  includes  a  description  of  the  localities  at 
which  the  different  nerves,  muscles^  and  organs  can  be  best  affected  by 
the  electric  currents,  and  also  the  relative  electro-sensibility  of  the  dif- 
ferent parts  of  the  body.  It  is  therefore  to  electrotherapeutics  what 
surgical  anatomy  is  to  surgery. 

Motor  Points  of  Muscles, — The  subject  of  the  motor  points  was  first 
systematically  studied  by  Zicmssen,  who  experimented  on  the  recently 
dead  subject,  and  marked  with  nitrate  of  silver  the  points  at  which  the 
individual  nerves  and  muscles  most  readily  responded  to  faradization. 
Many  of  these  points  can  be  easily  and  successfully  studied  on  the  living 
human  subject.  Those  which  we  have  represented  in  the  cuts  are  derived 
mostly  from  numerous  observations  on  persons  in  health.  They  have 
been  found  to  agree  in  the  main  with  those  of  Zientssen,  with  which 
they  have  been  compared,  and  by  which  they  have  been  made  more 
accurate  and  complete.  Those  who  wish  to  examine  the  subject  in 
greater  detail  are  referred  to  the  work  of  Ziemssen.* 

It  will  be  found,  however,  that  those  which  are  here  described  are 
sufficient  for  most  of  the  purposes  of  electro-therapeutics. 

The  best  method  of  verifying  these  points  is  to  place  one  large 
sponge  electrode,  well  moistened,  on  some  indifferent  point,  and  to 
firmly  press  a  small  negative  f  electrode,  also  well  moistened,  over  the 
spot  where  llie  nerve  or  muscle  should  be  affected.  If  the  right  place 
is  touched,  and  the  strength  of  the  current  and  the  pressure  be  suffi- 
cient, the  normal  physiological  action  of  the  part  affected  will  at  once 
appear.  In  the  case  of  muscles  contraction  will  take  place,  accom- 
panied with  a  feeling  of  contraction  ;  in  the  case  of  nerve-branches  and 
plexuses,  there  will  be  sensation  more  or  less  painful  along  the  periphe- 
ral ramifications  of  the  nerves,  and,  if  the  excitation  be  sufficiently 
strong,  contraction  of  the  muscles  which  they  supply. 

•  Die  Electricilat  in  der  Medicin.     Berlin,  1866.     p.  1 54,  ct  seq. 
f  Tbe  negative  is  to  be  preferred,  because  it  is  the  stronger^  and  acU  more  power* 
fully  in  producing  contractions. 
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It  is  not  to  be  understood  that  a  studious  regard  for  all  of  i 
trie  points  is  always  necessary  in  making  applications  of  elect 
the  normal  condition  most  of  the  superficial  and  many  of  the 
muscles  and  nerves  are  easily  excited  by  ordinary  labile  applic 
with  large  sponge  electrodes.     Some  of  the  muscles  have  two  or ; 
motor  points,  and  are  therefore  more  readily  affected  by  large  i 
small  electrodes. 

A  large  sponge  electrode  of  from  3  to  6  or  8  inches  in  diameter,  ( 
over  a  brass  ball,  such  as  is  used  in  general  faradization, — cau 
contraction  of  a  majority  of  the  superficial  and  deep  muscles  when  1 
passed  up  and  down  the  limbs. 

But  when  the  muscles  have  become  diseased,  so  that  they  1 
with  dilBculty  to  the  electric  current,  it  becomes  necessary  to  gjrei 
cial  heed  to  the  situation  of  these  motor  points,  in  order  to  dc^ 
their  actual  electric  condition,  or  to  aid  in  restoring  ihem  to  their  { 
mal  condition  by  exciting  artificial  contraction. 

It  should  be  remarked  furthermore,  tliat  these  motor  points 
different  individuals,  just  as  the  a^natomical  relation  of  tlie  nerretf 
muscles  varies,  and  that  the  representations  of  the  cuts  can  be  I 
approximately  correct. 

The  points  at  which  the  nerves  and  muscles  of  the  eye,  cflr«| 
larynx  can  be  best  electrized,  also  the  best  method  of  eleclriiiugl 
oesophagus,  rectum,  genital  and  abdominal  organs,  will  be  dcs 
the  chapters  devoted  to  the  diseases  of  those  parts. 

We  present  below  a  brief  description  of  the  points  at  which  the  ; 
cipal  nerves,  plexuses,  and  branches  caji  be  best  excited  clrcu 
and  also  the  physiological  effect  on  the  nerves  and  muscles  pr 
by  such  excitation. 

Fa£ial — at  its  exit  from  the  stylo-raastoid  foramen,  between  the  I 
toid  process  and  the  angle  of  the  lower  jaw,  or  at  the  opening  of  J 
external  auditory  canal 

Pneumogastric — at  the  lower  and  anterior  part  of  the  neck,  bctireei 
•he  common  carotid  artery  and  the  jugular  vein  ;  in/a-iar  larymgn 
between  the  oesophagus  and  the  trachea  of  die  ganglia  of  the 
thetic. 

The  superior  cen>ical  ganglion  of  the  sympathetic  can  be 
the  anterior  maxillary  fossa,  just  behind  and  below  the  Angle  o(l 
lower  jaw ;  the  middle  cervical^  by  the  side  of  the  stcrno-(  • 
muscle,  opposite  the  fifth  cervical  vertebra  ;  the  inferior  < 
by  the  inner  border  of  the  sternocleido-mastoid  muscle,  opposite  | 
second  cervical  and  first  dorsal  vertebrie. 
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Accessory — at  its  exit  from  the  stemo-cIeido-ma.jtoid  muscle. 

Hypoghssus — between  the  stylohyoid  and  hyoglossus  muscles,  under 
the  hyoid  bone. 

Phrenic— 2X  the  outer  border  of  the  stemo-cleido-mastoid  muscle, 
by  the  anterior  border  of  the  scalenus  amicus,  near  the  omohyoid  mus- 
cle.    Excitation  of  tliis  nerve  causes  strong  movements  of  the  chest. 

Brachial  plexus — in  the  supra-clavicular  si)ace,  posterior  to  the 
outer  border  of  the  sterno-cleido-mastoid  muscle.  Excitation  of  this 
plexus  causes  a  feeling  of  tingling  and  numbness  in  the  fingers  and 
down  the  arm,  and,  when  the  current  is  strong,  flexion  of  the  forearm 
and  fingers. 

Dorsalis  scapula— 2X  the  border  of  the  trapezius,  near  the  accessory. 

Supra  scapularis — ^just  before  its  entrance  into  the  scapula,  and  ex- 
ternal to  the  omohyoid  muscle. 

Anterior  thoracic — at  the  upper  border  of  the  pectoralis  major,  below 
the  clavicle. 

Posterior  thoracic — above  the  clavicle^  near  the  trapezius. 

The  thoracic  nerves  arc  irregular  in  their  distribution,  and  therefore 
difficult  to  find. 

Axillary — at  the  upper  and  posterior  border  of  the  axilla. 

Musculo  cutaneous — between  the  biceps  and  coraco-brachialis. 

Median — in  the  lower  third  of  the  arm,  at  the  point  where  it  crosses 
the  brachial  artery.  Mild  excitation  of  this  nerve  causes  tingling  in  the 
arm  and  fingers ;  a  strong  excitation  causes  closure  of  the  fingers  and 
pronation  of  the  hand. 

Ulnar — at  the  groove  between  the  olecranon  and  the  internal  con- 
dyle. Excitation  of  this  nerve  causes  pain  in  the  inner  surface  of  the 
forearm  and  contraction  of  the  flexor  carj>i  ulnaris,  flexor  digitoruni 
profundus,  adductor  pollicis  lumbricalis,  and  interossei  of  the  little 
finger. 

Radial — in  the  lower  third  of  the  arm,  at  the  point  of  its  emergence 
from  beneath  the  triceps.  Excitation  of  this  nerve  causes  tingling  in  the 
outer  part  of  the  arm  and  forearm,  and  down  to  the  wrist ;  strong 
excitation  produces  extension  of  the  first  phalanges  of  the  fingers,  ex- 
tension of  the  hand  and  thumb  and  supination  of  the  forearm,  contrac- 
tions of  the  extensor  carpi  radialis  and  ulnaris,  extensor  digitorum  com- 
munis, extensor  minimi  digiti,  extensor  indicis  prop.,  extensor  pollicis 
longus  and  brevis,  adductor  pollicis. 

Sciatic — in  the  thigh,  posterior  to  the  head  of  the  femur,  at  the  point 
where  the  nerves  issue  from  the  pelvis,  or  in  the  pelvis,  through  the 
posterior  wall  of  the  rectum.  Electrization  of  this  nerve  causes  sensa- 
21 
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Exiemal  head  triceps , 
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tions  of  tingling  in  the  leg  below  the  knee,  and  foot,  sidolar  tc  thos« 
which  we  so  often  experience  when  we  accidentally  sit  on  :hc  sciatic 
nerve. 

Crural — just  after  its  exit  from  beneath  Poupart's  ligament,  exterior 
to  the  crural  artery.  Electrization  of  this  nerve  causes  sensations  in 
those  parts  of  the  leg  that  are  supplied  by  its  branches. 

06/urator~— on  the  horizontal  branch  of  the  pubic  bone.  If  the  ap- 
plication is  successful,  and  the  current  used  suflSciently  strong,  the  thigh 
is  abducted. 

Popliteal — in  the  outer  part  of  the  popliteal  space.  Electrization  of 
this  nerve  causes  vigorous  contraction  of  the  muscles  that  move  the 
foot  upward  and  outward. 

Peroneal — on  the  posterior  border  of  the  capitulum  fibulae.  Excita- 
tion of  this  nerve  causes  contraction  of  the  tibialis  amicus,  peronei 
muscles,  extensor  digitornm  conuntmis  longus,  extensor  digitorum  com- 
munis brevis,  and  extensor  halhicis  lortgiis. 

Tibial. — This  can  be  reached  on  the  middle  and  outer  part  of  the  knee. 
When  strongly  electrized,  contractions  arise  in  the  muscle  of  the  pos- 
terior part  of  the  leg.  The  tibial  nerve  can  more  easily  be  reached  in 
the  depression  posterior  to  the  internal  malleus. 

Farado-setisibilify  of  the  Surface  of  the  Body. — Very  many  muscles 
have  no  accessible  motor  points,  and  must  therefore  be  electrized  intra* 
muscularly.  Practically  this  is  done  in  the  majority  of  cases.  We  pre- 
sent in  the  accompanying  cuts  a  bird's-eye  view  of  the  electric  points  of 
the  prominent  nerves,  plexuses,  and  muscles,  and  of  the  relative  sen- 
sitiveness of  different  parts  of  the  surface  of  the  body  to  the  faradic  cur- 
rent. 

The  relative  sensitiveness  of  the  different  parts  of  the  surface  of  the 
body  to  faradization,  we  have  also  ascertained  by  numerous  compara 
live  observations  on  persons  in  health,  with  the  moistened  hand  and 
well-moistened  sponge  electrodes.  The  method  of  making  these  obser- 
tions  is  to  place  the  patient  in  the  position  for  general  faradization,  with 
his  feet  on  the  plate  to  which  the  negative  pole  is  attached,  while  the 
experimenter  applies  the  positive  all  over  the  surface  of  the  body. 

Degrees  of  Farado-sensibility . — IVe  have  distinguishei  five  degrees 
of  sensitiveness,  the  highest  being  marked  one.  For  all  practical  pur- 
poses these  are  sufficient ;  approximate  accuracy  is  all  that  is  attempted. 
The  sensitiveness  of  the  body  when  irritated  by  the  fara<lic  current  is 
due  partly  to  the  quality  and  position  of  the  sensory  nervts,  and  partly 
to  the  peculiar  feeling  that  attends  muscular  contraction  (electro-mus- 
cular sensibility). 
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The  feeling  of  muscular  contraction  amounts  in  some  instances  to 
actual  pain,  so  that  a  part  which  is  not  richly  supplied  with  sensory 
nerves  may  \el  be  very  sensitive  to  the  current  This  is  especially  the 
case  with  the  sterno-cleido-mastoid  muscle,  which  on  being  touched 
near  its  centre  contracts  with  a  painful  jerk.  The  same  is  true,  to  a 
less  extent,  of  the  trapezius,  the  flexors  of  the  arm,  and  of  the  peronei 
muscles.  In  all  parts  where  no  muscular  contractions  are  produced, 
the  sensitiveness  of  the  surface  of  the  body  depends  on  the  quality  and 
position  of  the  sensory  nerves,  and  bears  a  pretty  constant  relation  to 
its  sensitiveness  to  ordinary  mechanical  irritation. 

Thus  it  will  be  observed  that  the  parts  which  are  most  sensitive  to  a 
blow  or  fall,  or  to  any  mechanical  injury, — as  the  head,  face,  or  surface 
of  the  bones,  clavicle,  sternum,  scapula,  patella,  etc., — are  hkewise 
marked  highest  in  the  scale  of  sensitiveness  to  the  current. 

To  guard  against  error  it  is  necessarj' — 

1.  To  use  always  tlie  same  electrode  and  the  same  direction  of  the 
current ;  therefore  the  negative  pole  should  be  kept  at  the  feet  during 
the  entire  sitting. 

2.  To  make  the  pressure  of  the  electrodes  uniform,  and  to  moisten 
well  all  parts  supplied  with  hair. 

3.  To  use  the  moistened  hand  for  the  head  and  face.  The  head,  es- 
pecially, is  so  exceedingly  sensitive  to  the  faradic  ciurent  that  it  will 
hardly  bear  a  sufficient  strength  of  current  through  a  sponge  to  make  a 
comparative  estimate. 

It  will  be  observed  that  only  a  few  parts  are  marked  5 — the  middle 
of  the  back,  the  outer  surface  of  the  thigh,  and  the  testicles.  The  peri- 
najum,  which  cannot  be  represented  in  the  cut,  should  also  be  marked 
5.  It  will  be  observed  that  the  points  most  highly  sensitive  are  those 
where  very  sensitive  nerves  pass  over  the  surfaces  of  bones,  as  the  head 
iud  jaws.  Of  the  other  parts  not  represented  in  the  figures,  the  external 
auditory  canal  should  be  marked  i  ;  the  middle  of  the  stcrnocleido-mas- 
toid  muscle,  2  ;  the  axilla,  3  ;  and  the  ends  of  all  the  fingers,  2 ;  the 
under  side  of  the  penis,  2  ;  the  point  between  the  penis  and  scrotum,  4 ; 
the  under  surface  of  the  heel,  the  plantar  arch,  the  ball  of  the  foot,  4.  If 
the  external  auditory  canal,  drum  of  the  ear,  conjunctiva,  nasa!  mucous 
membrane,  tongue,  and  larynx  were  represented,  they  should  be  marked 
a  degree  or  two  higher  than  i,  since  they  are  more  sensitive  than  any 
portion  of  the  surface  of  the  head.  The  best  point  to  test  a  current  of 
extreme  feebleness  is  the  tip  of  the  tongue. 

T/i^  rectum^  urethra,  and  vagina  are  hut  little  sensitive  to  the  current 
in  comparison  with  the  mucous  nw  '*uth,  except  at  theif 
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external  orifices.  They  might  be  marked  4  or  5.  The  os  uteri  and  tlic 
bladder  would  be  marked  4,  5. 

It  should  be  distinctly  understood  that  these  remarks  apply  to  the 
applications  of  the  faradic  current  with  electrodes  sutiticicntly  moistened 
to  allow  the  current  to  pass  readily  through  the  epidermis.  In  dry 
faradization  the  results  are  somewhat  different,  the  pain  at  all  parts  be- 
ing far  less. 

Fiirado-sensibility  as  compared  with  Galvano-sensibitity. — The  gal- 
vanic current  causes  a  burning  sensation  wherever  it  is  applied  ;  but  this 
is  most  sensitively  felt  at  those  parts  that  are  abundantly  supplied  by 
sensory  nerves.  This  burning  feeling  increases  with  the  length  of  time 
that  die  current  is  applied. 

The  greater  sensitiveness  of  the  bones  to  the  faradic  current,  as  com- 
pared with  the  galvanic  current,  is  due  to  the  greater  mechanical  action 
of  the  former  An  interrupted  galvanic  current,  of  sufficient  strength 
to  produce  muscular  contractions,  produces  the  same  sensations  as  the 
faradic  current,  with  the  addition  of  the  burning  feeling  at  the  surface 
beneath  the  electrodes.  The  fact  that  the  galvanic  current  is  less  pain- 
ful to  the  surfaces  of  the  bones  gives  it  a  certain  advantage  in  making 
apjjlications  to  the  head,  although  the  pain  of  the  faradic  current,  when 
applied  to  tlie  head  by  the  moistened  hand,  may  be  reduced  to  a  mini- 
mum. 

A  Knowledge  of  the  Normal  Electro-sensibility  of  the  Body  essential  in 
Electro-diagnosis  and  Electro-therapeutics, — A  knowledge  of  the  relative 
sensitiveness  of  the  different  parts  of  the  body  to  the  electric  current 
is  indispensable  both  in  electro-diagnosis  and  electro-therapeutics.  It  is 
at  once  obvious  that  to  determine  by  the  electric  test  the  extent  of  anaes- 
thesia, or  loss  of  electro-muscular  sensibility,  in  cases  of  paralysis,  with- 
out a  previous  knowledge  of  the  normal  sensitiveness  of  the  parts  to  the 
electric  current  and  the  normal  feeling  of  electro-muscular  sen.sibility  in 
the  affected  muscles,  is  simply  impossible.  From  a  want  of  this  knowl* 
edge  very  important  mistakes  are  made  in  electro-diagnosis.  In  local 
and  general  faradization  a  knowledge  of  the  relative  sensitiveness  of  all 
the  parts  of  the  surface  of  the  body  enables  one  to  make  an  application 
which  would  otherwise  be  painful,  and  perhaps  iojuricus,  both  painleis 
ind  refreshing. 
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The  general  principles  on  which  batteries  are  constructed,  as  wel 
as  minute  description  of  some  of  the  best  known  elements,  have  already 
been  presented  in  rhe  section  on  electro-physics.  In  this  chapter  we  pro- 
pose to  speak  only  of  those  combinations  of  elements  that  are  used  in 
electro-therapeutics,  and  our  descriptions  will  be  of  a  general  character, 
having  reference  mainly  to  the  practical  use  and  care  of  them  by  the 
electro-therapeutist. 

Before  entering  on  the  description  of  apparatus  a  few  general  re- 
marks may  be  appropriate. 

1.  A  good  battery  is  not  all  that  is  necessary  to  make  a  good  electro- 
therapeutist. 

There  exists  an  impression,  quite  widely  prevailing  m  the  profession, 
that  the  beginning  and  the  end  of  the  great  science  of  electro  therapeu- 
tics is  to  get  a  battery.  This  impression  has  WTOUght  much  evil.  It 
has  been  the  means  of  leading  physicians  to  invest  time  and  patience 
and  money  in  a  department  for  which  they  have  no  qualification.  The 
purchase  of  a  battery  is  simply  a  first  step  in  the  right  direction  j 
it  is  the  beginning  of  a  long  road. 

One  who  uses  electricity  in  medicine  requires  good  apparatus,  just 
as  the  surgeon  requires  good  instruments  and  the  carpenter  good  tools ; 
but  as  tools  cannot  make  a  carpenter,  nor  instruments  a  surgeon,  so  a  bat- 
tery cannot  make  one  skilful  in  the  therapeutical  use  of  electricity.  It  is 
not  the  battery,  it  is  the  brains,  that  makes  a  good  electro- therapeutist. 

2.  The  best  and  most  recent  apparatus  is  not  so  simple  as  to  entirely 
dispense  with  the  need  of  care  and  experience  on  the  part  of  the  physi- 
cian. 

The  advance  in  the  construction  of  apparatus  for  electro-therapeu- 
tics  has  been  very  great,  but  not  sufficient  to  make  it  possible  for 
faradic  or  galvanic  apparatus  to  keep  in  order  without  attention. 

Just  as  the  fire  in  the  grate  goes  out  unless  the  coal  is  replenished, 
)ust  as  the  gas  is  extinguished  when  the  supply  is  shut  o%  so  electricity 
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generated  in  a  battery  ceases  to  flow  unless  the  metals  consumed  in  th« 
chemical  action  are  replaced  or  repaired. 

The  best  and  simplest  of  batteries  wll  sometimes  get  out  of  order. 
Unexpected  contingencies  will  arise  that  demand  some  knowledge  of 
applied  electro-physics.  The  knowledge  can  be  obtained  only  by  study 
and  experience. 

3.  Whatever  choice  we  make  in  our  apparatus  at  the  present  day,  we 
shall  probably  not  make  any  very  serious  mistake.  A  few  years  ago  it  was 
impossible  to  get  a  really  good  apparatus  for  electro-therapeutics  ;  now 
it  is  almost  impossible  to  get  a  realty  bad  one. 

4.  An  apparatus  to  which  we  are  accustomed  is  much  more  tractable 
in  our  hands  than  a  far  superior  apparatus,  the  management  of  which  is 
new  to  us.  It  is  with  batteries  as  with  babies — every  man  thinks  his  own 
is  tlie  best.  We  see  the  same  principle  illustrated  in  instruments  for 
general  and  special  surgerj'. 

Coutinuous-coil and  St'parate-coU  Faradic  Machints. — There  are  in  the 
market,  and  in  coiivmon  use  among  physicians,  two  quite  different  forms  of 
faradic  apparatus.  In  one  of  these  forms  which  we  call  the  cofUinuous-<0U 
machine,  the  helix  is  composed  of  one  long  win  varying  in  thickmss^ 
tapped  at  different  points,  so  as  to  obtain  different  qualities  of  currents 
This  wire  may  be  wotmd  in  three,  four,  or  more  coils.  The  inner  coil  is 
usually  comparatively  short,  and  is  of  thick  wire ;  the  second  coil  is 
longer,  and  of  finer  wire  ;  the  third  still  longer  and  finer,  and  so  on  ; 
but  the  metallic  connection  is  complete,  and  it  is  all  a  continuous  wire. 

The  machines  of  Kidder,  Hall,  and  others  are  of  tliis  construction. 

In  the  separate-coil  machines  the  helix  is  composed  of  two  entirely 
separate  and  distinct  wires  ;  the  inner  wire,  which  like  that  of  the  inner 
coil  of  the  continuous  machine  is  short  and  thick,  has  no  metallic  con- 
nection with  the  outer  wire.  The  outer  wire  is  longer  and  thinner  than 
the  inner  wire.  The  faradic  machines  of  Stohrer,  of  Drescher,  and  of  the 
Galvano- Faradic  Manufacturing  Company  are  of  this  constniction. 

The  quality  of  the  induced  current  generated  by  these  two  types  of 
machines  are  quite  different.  We  have  already  seen  (Electro- Physics, 
p.  2)  that  electricity  is  a  force — a  mode  of  motion  of  the  ether  and  of  the 
particles  of  die  substance  in  which  the  force  circulates.  It  follows  from 
this  definition — if  we  accept  it — that  the  quality  of  the  current  must  be 
modified  by  the  nature  of  the  substance  through  which  it  is  conducted. 
Every  modification  of  the  conductor,  increase  or  diminution  of  its  dia- 
meter, increase  or  diminution  of  its  length,  or  any  change  in  its  consti- 
tution, must  affect  more  or  less  the  character  of  the  current  that  flows 
through  it.    Hence  it  is  that  the  currents  coming  from  the  different  poin| 
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of  the  continuous-coil  machine  are  somewhat,. though  slightly,  different 
from  each  other  in  quality  and  in  their  physiological  effects.  Hence  also 
the  current  from  the  separate-coil  machine  is  quite  different  from  that 
coming  from  the  continuous-coil  machine.* 

Single-coil  and  SfparaU-coil  Faradic  Machines  compared  in  their 
Therapeutic  Effects. — ^The  conclusions  at  which  we  have  arrived  on  this 
question  are  formed  from  aver)-  wide  experience  with  single  and  separate 
machines,  in  public  and  private  practice  as  well  as  from  conversation  and 
correspondence  with  many  physicians  who  are  using  one  or  both  varieties, 
and  whom  we  have  requested  to  study  their  comparative  effects.  Our 
conclusions  may  be  thus  stated  : 

I.  For  ner\'ou.s,  hysterical,  and  greatly  tlebilitated  patients,  and  in 
nearly  all  cases  where  general  faradization  is  required,  a  single-coil  ma- 
chine is  preferable. 

This  conclusion  is  based  not  on  any  physical,  physiological,  or  theo 
retical  considerations,  but  simply  on  clinical  experience.  Again  and  again 
have  we  attempted  to  treat  nervous,  delicate,  and  hysterical  patients 
with  the  separate-coil  machine,  and  have  been  compelled  by  unpleasant 
symptoms  to  return  to  the  machine  with  a  single  coil.  The  reasons  why 
the  current  from  the  single-coil  machine  is  less  irritating  and  more  agree- 
able to  delicate  patients,  are  to  be  found  in  \he  physical  differences  of  the 
currents  already  referred  to.  This  conclusion  is  not  peculiar  to  oiur- 
selves  ;  it  is  held  by  many,  though  not  by  all,  the  electTO-lherapeutists 
with  whom  we  are  acquainted. 

It  is  not  even  necessary  that  the  patient  should  be  ver}'  delicate  in 
order  to  test  this  difference  ;  any  individual  of  average  strength  and 
health  will  appreciate  without  difficulty  the  general  fact,  that  the  cur- 
rent from  the  one  machine  is  more  agreeable  and  less  harsh  and  weary- 
ing than  the  current  from  the  other. 

That  the  tonic  and  sedative  effects  of  general  faradization  can,  how 
ever,  be  obtained  by  separate-coil  machines,  is  proved  in  Germany, 
where  the  faradic  machines  in  use  are  chiefly  of  the  separate-coil  variety, 
and  general  faradization  is  used  there  continually  by  the  highest  authori- 
ties in  electrology,  and  with  all  the  brilliant  effects  over  nutrition  thai 
we  have  in  our  writings  claimed  for  it. 

It  must,  however,  be  admitted  that  the  Germans  are  much  less  sensi- 
tive and  nervous  than  the  Americans. 

But  the  advantages  of  a  smooth  and  pleasant  current  are  not  confined 

*  Oniams,  of  Paris,  hu  recently  shown  that  helices  fonned  of  copper,  silver,  uid 
le«/l  have  a  differential  physiological  action. — Jour,  de  rAnaiomie  tt  de  la  Physhlth 
tf.  Mars,  1S74. 
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to  general  faradization  ;  in  localized  faradization  of  the  muscles  of  tha 
legs,  and  arms,  and  in  applications  to  special  organs  that  are  iriit 
the  current  from  the  separate-coil  machine  is  more  irritating  and  a 
pleasant  than  that  of  the  single-coil  machine.  In  children  with  ioi^ 
tile  paralysis,  and  in  delicate  women  who  perhaps  are  afraid  ofeleC' 
tricity,  this  consideration  becomes  one  of  practical  importance. 

On  the  other  hand,  there  are  very  many  cases,  especially  b  public  [«v 
tice,  where  it  is  a  matter  of  ap|>arent  indifference  which  current  i^Sfl 

2.  For  patients  who  from  idiosyncrasy  or  from  disease  are  greatp^ 
sensible  to  electricity,  the  separate-coil  machine  seems  to  be  prefcnMc 
to  that  of  the  single  coil. 

Cases  are  not  very  uncommon,  even  among  the  better  classes,  where 
there  is  enormous  and  inexplicable  tolerance  of  electricity.  Power- 
ful and  protracted  applications  leave  them  as  they  find  thcra ;  thcr  w 
not  painfully  felt  during  tlie  sitting,  and  they  leave  no  apjjrcciabie 
effects  behind  them.  In  the  anaesthesia  that  accompanies  postcrioi 
spinal  sclerosis  and  certain  injuries  of  nerves,  the  harsh  and  iniu 
current  of  the  separate-coil  machine  is  not  disagreeable  at  all,  i 
pears  to  be,  in  our  hands  at  least,  more  efficacious  than  the  currenii 
the  single-coil  machine.  We  are,  we  believe,  the  only  obscncrti 
have  called  attention  to  this  fact  Formerly  we  supposed  that  tbc  (S* 
ference  in  the  quality  of  the  current  of  different  machines  dtrix'ndal 
mainly  on  tlie  construction  of  the  rheotome  ;  tliis  view  is  not  su>ui«» 
by  our  more  recent  studies  in  the  department.  It  is  the  coil  more  tl>i" 
the  rheotome,  and  more  than  the  kind  of  cell,  that  dctermincij 
quality  of  the  current,  although  the  frequency  of  the  vibration* 
termined  by  the  rheotome  has  a  decided  influence. 

The  Comparative  Value  of  Slow  Interrupt  to  fts. — Tliere  are  *  I  _ 
number  of  physicians  who  find  or  think  they  find  a  great  iherapeuiirw 
advantage  in  slow  interruptions  to  the  treatment  of  paralysis.  A  l>ln><' 
deference  to  authority  has  prevented  a  careful,  original,  and  iaipiit'^' 
investigation  of  this  subject,  and  statements  of  European  writers  inJ  ^ 
strument  makers  had  been  received  without  dispute,  until  wc  inc 
spoke  of  our  experience  in  the  matter  less  than  two  years  ago. 

IVitli  a  slow  interruption  a  stronger  eurrent  ean  be  h&rnt  than 
a  rapid  interruption,  and  hence  it  sometimes  happens  that  a  ]>ara] 
muscle  will  contract  under  the  former  when  it  will  not  under  the  1 
In  occasional  instances  this  advantage  may  be  utilized  for  lhos<J 
licians  who  have  only  the  faradic  and  no  galvanic  apparatus. 

For  those  who  have  a  galvanic  current  of  good  strength  Ujc  do*' 
terruption  is  unnecessary,  even  granted  that  it  has  some  advantage  o** 
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the  rapid  interruption  in  producing  muscular  contraction,  for  a  strong 
galvanic  current  interrupted  will  cause  muscles  to  contract  that  will 
not  respond  to  tiie  faradic  current  whether  slowly  or  rapidly  inter- 
rupted. 

In  this  battery  the  cell  is  placed  on  pivots  so  that  it  can  be  easily 
turned  over  go".  When  upright,  the  metals  are  immersed;  when  turned 
over,  the  metals  are  out  of  the  solution.  The  stopper  is  of  rubber, 
and  it  is  provided  with  a  rubber  funnel  for  the  esca])e  of  the  gases. 
This  arrangement  is  a  very  great  advance  on  the  old  one,  where  each 
time  the  machine  was  used,  there  would  be  pouring  of  the  acid  and 
necessary  spilling  into  and  from  a  bottle. 

For  the  past  year  we  have  used  only  this  tip  element,  having  dis- 
carded entirely  the  old  arrangement.  It  is  not  ornamental,  but  is  very 
convenient. 

Smee's  cell  is  a  very  convenient  cell  to  take  care  of,  and  when  not 
kept  too  long  immersed,  or  used  with  too  strong  solution,  is  very  en- 
during. 

The  current  of  Kidder's  faradic  machine  is  a  very  pleasant  one,  and 
is  especially  adapted  for  iier\'ous  and  sensitive  patients,  on  whom  gen- 
eral faradization  is  employed.  The  agreeable  character  of  the  currents 
that  come  from  it  is  to  be  explained  in  part  by  the  fact  that  it  is  a 
continuous- coil  machine—all  the  different  coils,  from  tliree  to  six  in 
number,  being  connected — and  in  part  by  the  construction  of  the  rheo- 
tome;  but  mainly,  we  think,  by  the  former,  since,  as  has  been  stated, 
all  separate-coil  machines,  other  conditions  being  the  same,  give  a 
pleasanter  current  than  single-coil  machines. 

The  character  of  the  current  is,  as  we  have  seen,  modified  by  the  length 
and  fineness  of  the  wire  in  the  different  parts  of  the  coil.  The  inner 
coil  (A  B)  is  of  thick  wire  and  is  short,  and  gives  a  very  mild  current ; 
the  second  coil  (B  C)  is  of  thinner  wire,  and  is  longer,  and  gives  a 
stronger  current ;  the  third  coil  (C  D)  is  still  finer  and  longer,  and  gives 
a  still  stronger  current.  The  majority  of  these  instruments  have  but 
three  coils  ;  but  in  some  of  the  larger  instruments  one  or  more  coils 
'E  and  F)  have  been  added.  All  these  coils  are  metallically  con- 
nected, so  that  they  really  constitute  one  long  coil,  varying  in  diflerent 
parts  in  the  fineness  of  the  wire. 

All  the  currents  that  come  from  this  battery  (A  B,  B  C,  C  D,  D  E, 
A  D,  A  E,  etc.)  may,  therefore,  be  regarded  as  modifications  of  the 
priuuiry  current  (see  Electro -Physics,  p.  62).  Inasmuch  as  electricity 
is  modified  by  the  nature  of  the  substances  through  which  it  circulates, 
it  follows  that  coils  of  different  length  and  fineness  will  give  different 
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varieties  of  currents  ;  this  is  found  to  be  the  case  with  the  battel  y  under 
consideration.  It  is  found  that  the  currents  vary  not  only  in  strength, 
but  in  the  nature  of  their  effects,  with  the  portion  of  the  coil  from  which 
they  come;  that  they  cause  different  sensations  when  applied  to  the 
body.  The  differential  therapeutic  action  of  these  currents  is  too  coni« 
plex  to  be  readily  or  satisfactorily  demonstrated. 


RULES    FOR  THE   USE    AND   CARE   OF    KIDDER's    FARADIC   APPARATUS. 

The  directions  that  we  give  under  this  head  mil  apply  in  general  to 
all,  or  nearly  all,  faradic  machines,  and,  therefore,  need  not  be  repeated 
m  the  descriptions  of  other  machines  that  are  illustrated  in  this 
volume, 

To  prepare  the  Apparatus  far  Use.—Y'x^  the  glass  jar  with  a  solution 
of  water  and  sulphuric  acid — one  part  sulphuric  acid  to  eight  or  twelve 
parts  water.  It  is  not  necessary  to  be  rigidly  mathematical  in  regard  to 
the  quantity  of  the  sulphuric  acid.  The  average  proportion  is  one- 
tenth,  but  it  may  range  between  one-sixth  and  one-sixteenth.  The  jar 
should  be  about  two-thirds  filled  with  the  solution. 

It  is  also  necessary  to  put  about  a  teaspoonful  of  quicksilver  in  the 
cup.  This  touches  the  lower  end  of  the  xincs  and  keeps  them  con- 
stantly amalgamated,     (See  Electro-Physics,  p,  43.) 

The  quicksilver  should  not  be  allowed  to  touch  the  central  plate  of 
platinum,  as  it  may  injure  it.  In  some  of  the  modifications  of  this 
apparatus  it  is  necessary  to  close  the  prongs  between  one  of  the  brass 
posts  that  is  labelled  and  tlie  one  in  the  middle  that  has  no  label. 

The  apparatus  is  now  ready  for  action.  If  the  spring  does  not  at 
once  vibrate,  give  it  a  slight  stroke  with  the  finger.  If  it  still  refuses  to 
vibrate,  it  may  be  necessary  to  readjust  the  screw.  If  the  spring 
vibrates,  but  irregularly  or  too  slowly,  the  evil  may  usually  be  remedied 
by  readjusting  the  screw. 

Now  connect  the  strings  attached  to  the  electrodes  with  the  lettered 
posts.  A  is  always  the  positive  pole,  and  B,  C,  and  D  are  always  nega- 
tive relatively  to  A. 

To  distinguish  the  Poles. — It  is  always  possible  to  distinguish  the 
negative  pole  by  holding  the  electrodes  for  a  moment  in  the  two  hands; 
the  one  in  which  the  current  is  strongest  felt  is  the  negative  pole. 

If  the  apparatus  refuses  to  go,  or  if  it  stops  at  any  time  while  in  use, 
the  cause  may  be  looked  for — 

I.  In  the  screw  of  the  rheotome  or  current-breaker.  This  may  not 
be  properly  adjusted.    The  point  may  be  too  far  from  the  spring,  or  too 
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closely  pressed  upon  it.  This  want  of  proper  adjustment  of  the  screw 
i<  the  most  frequent  cause  of  a  stopping  of  the  machine,  and  of  the  rew 
fusal  of  the  spring  to  vibrate.  The  spring  may  sometimes  be  corroded 
at  the  point  where  the  screw  touches  it. 

2.  Jn  the  connection  of  the  wires.     The  wires  that  unite  the  zincs  and 
platinum  may  not  be  properly  screwed  at  their  point  of  connection,  oc_ 
may  be  corroded. 

3.  Jn  the  battery  itself.  The  battery — that  is,  the  zinc  and  platinum, 
with  the  solution  in  the  glass  jar — may  get  out  of  order  in  four  ways. 
FirsU  the  solution  may  lose  its  strength.  This  difficulty  may  be  reme- 
died either  by  pouring  in  some  sulphuric  acid  or  by  making  an  entirely 
new  solution,  or  by  simply  adding  more  water.  Secondly,  the  zincs  may 
become  so  corroded  and  incrusted  as  to  become  incapable  of  generating 
a  current.  When  the  zincs  have  lost  their  amalgam,  local  action  niaj^ 
take  place ;  this  will  be  indicated  by  rapid  evolution  of  hydrogeai^ 
J7iirdly,  a  portion  of  the  mercury  may  have  fallen  on  to  the  platinum, 
and  covered  it.  When  this  happens,  little  or  no  current  can  be  obtamed. 
When  we  have  reason  to  suspect  that  such  is  the  case  we  should  clean 
them  with  an  old  tooth-brush  or  cloth,  or  amalgamate  them.  Fourthly^ 
the  platinum  and  the  dncs  will,  in  lime,  by  hard  and  long  usage,  wear 
out,  and  will  need  to  be  replenished. 

4.  In  the  helix.  It  is  very  rarely  indeed  that  the  helix  of  this  appar- 
atus ever  becomes  so  injured  as  to  become  incapable  of  service.  If, 
after  we  have  properly  adjusted  the  screw  and  spring,  made  sure  of  the 
connections  of  the  wires,  replenished  the  solution  and  cleaned  the  zincs, 
tlie  apparatus  persistently  refuses  to  go,  we  have  reason  to  suspect  that 
something  may  be  wrong  with  the  wires  that  compose  the  helix.  If 
such  be  the  case  the  evil  can  be  remedied  only  by  the  inventor  himself, 
or,  at  least,  by  some  one  practically  familiar  with  the  construction  of 
helices.  But  we  should  try  very  patiently  and  perseveringly  before  we 
accept  tiie  conclusion  that  the  helix  is  thus  out  of  order,  for  it  is  an  ac- 
cident of  extremely  rare  occurrence. 

When  no  current  is  felt  at  the  electrodes,  although  the  apparatus  acts 
properly,  we  know  that  the  connection  is  broken  somewhere  in  the  insw 
lated  conducting  wires.  Sometimes  the  union  of  the  wires  with  the 
electrodes  is  imperfect,  and  occasionally  the  wire  in  some  part  is  broke 
Finally,  the  electrodes  themselves  may  become  very  much  corrode 
and  may  need  cleaning  before  a  good  current  can  be  obtained. 

To  take  care  of  the  apparatus. — When  not  in  use,  the  element  can 
taken  out  of  the  solution.     When  the  tip  battery  is  used,  all  that  is  ne- 
cessary is  to  merely  turn  over  the  jar.    If  the  element  remains  too  lonr 
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a  time  in  the  jar  an  incrustation  of  salt  will  sometimes  accumulate  on 
the  top  of  the  zincs  which  will  need  to  be  brushed  or  washed  off.  This 
salt  is  the  sulphate  of  zinc,  resulting  from  the  action  of  the  sulphuric 
acid  on  the  zinc. 

We  may  know  that  action  is  taking  place  in  the  battery  when  bub- 
bles of  hydrogen  are  rising  up  by  the  sides  of  the  zinc. 

Methods  of  modifying  thi  Current. — The  strength  of  the  current  of 
this  machine  may  be  modified  in  several  ways,  as  follows  ; 

1.  It  maybe  modified  by  withdrawing  or  pushing  in  the  metallic  tube 
that  covers  the  helix. 

When  this  tube  covers  the  helix  an  indefinite  number  of  branch 
currents  are  induced  in  it  that  interfere  wnth  the  main  current  and 
weaken  it.  In  proportion  as  this  is  withdrawn,  the  induction  of  branch 
currents,  and  the  consequent  interference  with  the  main  current,  grows 
less. 

This  method  of  modif)'ing  the  strength  of  the  current  must  be  used 
continually  both  in  general  and  localized  faradization. 


Fig,  57. 

Faradic  Machine,  feparate  coil,  double  cell,  in  box  (Galvano-Fiiradic  Munufftctnrtng 
Co. ).  F  F  arc  the  two  elements  of  zinc-carbon  ;  A  A  the  rods  l)y  wliicli  the  ;inc 
is  raised  from,  and  lowered  into,  the  solution  ;  D  the  hammer,  and  4  the  helix 
partly  drawn  out.  These  machines  are  run  by  one  or  two  zinc-carbon  cells 
(Walker's  Battery,  see  p.  41,  in  Electro- Physics). 


a.  The  current  may  be  modified  by  increasing  the  quantity  of  the 
solution,  or  of  the  sulphuric  acid  in  it.     This  measure  can  be  resorted 
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The  direction  of  the  current  can  be  changed,  at  any  time,  by  revers- 
ing the  position  of  the  electrodes,  or  by  reversing  the  conducting  wires 
in  the  posts,  or  by  the  current-reverscr,  when  one  is  attached  to  the 
machine. 

The  faradic  machines  of  this  Company,  besides  being  of  the  separate- 
coil  variety,  giving  both  the  primary  and  the  secondary  current,  have 
also  a  very  «onvenient  conlrivance  for  producing  slow  or  rapid  inter- 
ruptions. 


^■'     / 


Faraulic  Mnchme  (continuous  coit)  (Thomas  Hall). 

The  machine  of  Hall  is  a  neat,  compact  arrangement,  and  gives  a 
very  pleasant  current.  Chromated  lead  is  used  for  the  electro-nega- 
tive element.  One  of  the  metals  is  raised  out  of  the  solution  by  a 
very  convenient  spring,  instead  of  the  jointed-rod. 

Magneto- Electric  Machines. — The  magneto-electric  (or  so-called  rotary) 
machines  (see  Electro-Physics,  p.  69)  are  not  much  used  iX  the  present 
day,  and  arc  not  ordinarily  to  be  recommended.  They  have  been  em- 
ployed largely  and  indiscriminately,  especially  in  this  country,  ond  have 
done  the  cause  of  electrotherapeutics  much  evil.  Although  the  cur- 
rent afforded  by  them  is  well  adapted  to  produce  muscular  contractions, 
and  is  frequently  of  service  in  the  treatment  of  paralysis,  rheumatism, 
and  kindred  disorders,  yet,  for  all  the  wide  range  of  diseases  in  whitii 
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faradic  electricity  is  indicated,  it  is  neither  siifliciently  reliable  nor  suf- 
ficiently effective.  In  most  of  the  conditions  of  irritability,  in  which 
general  faradization  is  most  effective,  this  form  of  electricity,  as  generated 
by  most  of  the  machines,  is  contra-indicated,  on  account  of  the  rough 
and  disagreeable  quality  of  the  current. 

Another  very  prominent  objection  to  most  of  the  rotary  machines  in 
this  countr)'  is,  that  they  require  the  aid  of  an  assistant,  to  turn  the 
crank.  This  objection  may  be  met  by  clock-work  attachment.  An 
arrangement  of  this  kind  is  employed  by  Dr.  Morell  McKenzie,  of 
London,  in  the  treatment  of  paralysis  of  the  larynx  ;  but  even  for  this 
special  purpose  it  would  seem  to  have  no  advantages,  but  positive  dis- 
advantages, as  compared  with  a  compact,  convenient,  and  reliable 
electro- magnetic  apparatus  as  described  in  the  preceding  pages. 

M.  Gramme  *  has  made  a  magneto-electric  machine  which  furnishes  a 
eoniinuous  instead  of  an  interrupted  current,  which  in  its  etfects  re- 
sembles the  ordinary  galvanic  current.  The  machine  consists  of  three 
rings  of  soft  iron,  around  which  is  an  endless  coil  of  copper  wire.  Each 
of  these  rings  rotates  between  the  poles  of  a  powerful  magnet,  and  the 
arrangement  is  such  that  the  opposite  currents  in  the  halves  of  each 
ring  form  a  single  continuous  current. 

The  machine  is  turned  by  hand,  and  in  its  large  form  generates  a 
large  quantity  of  electricity.  It  can  produce  all  the  effects  of  the  ordi- 
nary galvanic  current.  It  makes  platinum  wire  red  hot,  fuses  metals, 
and  is  used  in  electroplating. 

If  this  machine  can  be  reduced  in  size,  and  modified  in  shape»  it  may 
become  of  value  in  electro-medicine  and  electro-surgery. 

Galvanic  Apparatus. — The  merit  of  placing  in  the  market,  in  an 
accessible  form,  convenient  and  reliable  galvanic  batteries,  was  in  this 
country  ijionecred  by  the  Galvano-Faradic  Manufacturing  Company. 
Before  the  organization  of  tliis  establishment  the  faradic  machines  of 
Kidder  and  othcri  had  been  long  in  use,  but  suitable  galvanic  machines 
could  not  be  obtained. 

Hydrostai. — The  hydrostat  is  an  admirable  contrivance  for  keeping 
tlie  fluid  from  spillitig  when  the  battery  is  carried  in  a  bugg)"  or  on  s 
long  journey.  It  consists  of  a  rubber  covering  accurately  fitted  on  the 
top  of  the  cells,  and  we  have  found  it  a  most  Uustworthy  arrangement. 
A  battery  of  sixteen  cells,  made  by  this  company,  we  once  took  with 
US  charged  three  hundred  miles  into  the  country  on  a  consultation,  and 
not  a  drop  was  spilled. 


Althaus  on  Medical  Electricity,  third  edition,  1874,  p.  SS^ 
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Practical  Dirations  for  thi  Use  of  Zinc-Carbon  Galvanic  BaiUrics. 

The  following  directions  will  substantially  apply  to  all  or  nearly  all 
forms  of  the  zinc-carboa  battery,  by  whomsoever  inanafactured. 

How  the  Battery  is  Constructed  and  Used. — ^These  batteries  are  com- 
posed of  plates  of  zinc  and  carbon  in  a  solution  of  bichromate  of  po- 
tass, sulphuric  acid,  and  water.  The  solution  is  contained  in  glass  jars 
that  are  raised  up  to  the  plates  of  zhic  and  carbon  by  the  keys  at  the 
ends  of  the  box,  or  by  a  crank.     When  the  jars  are  raised  by  the  keys 


Thirty*ax  Iotec  tine-carbon  cell  jjalvanic  Ijattery,  with  circukr  switch,  revcrsser,  and 
inlCTTupto',  for  office  or  hospital  use  (KiJdcr). 

to  the  top  of  the  box,  turn  the  keys  at  rijs^ht  anj^les,  or  turn  the  crank, 
and  the  jars  will  stay  in  jiosition,  and  the  battery  is  ready  for  use,  if  the 
jars  are  properly  filled  with  the  solution. 

When  the  battery  is  not  in  use  the  jars  shoidd  be  let  down  from  the 
l^lates  by  means  of  the  keys.  If  allowed  to  remain  immersed  dav  after 
day  the  battery  will  rapidly  lose  its  strength.  (See  Electro- Physics, 
p.  42.) 

Ifow  to  Change  the  Battery. — The  solution  is  made  in  about  the  fol- 
lowing proportions :  sulphuric  acid,  x  oz. ;  bicliromate  potass,  i  J^  or. ; 
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water,  lo  oz.  The  best  way  to  make  the  solution  is  to  dissolve  the  bi- 
chromate of  potash  in  cold  water  and  then  add  the  sulphuric  acid. 
The  mingling  of  the  water  and  sulphuric  acid  causes  great  heat.  Do  not 
usi  the  solution  until  it  is  cool.  We  had  not  been  able  to  get  any  sat- 
isfactory explanation  of  the  fact  that  solutionis  when  hot  injure  the  bat- 
tery, until  Prof.  Brackelt,  of  Princeton,  informed  us  that  from  experi- 
ments he  made  several  years  ago  he  proved  that  when  the  bichro- 
mate of  potash  solution  is  used  hot  a  layer  of  ozone  is  formed  on  the 
carbon  ;  this  at  once  weakens  the  current. 

Lift  out  the  plates  by  the  middle  piece  to  which  they  are  attached, 
lift  up  the  jars  by  the  keys  and  fill  each  jar  with  two,  or  three,  or  three 
and  a  half  ounces  of  the  solution.  They  should  be  hlled  pretty  uni- 
formly, and  care  should  be  taken  that  no  more  should  be  put  in  than  the 
jars  will  hold  after  the  plates  are  immersed. 

How  to  cUan  the  Battery  and  Amalgamate  the  Zincs. — Every  few 
weeks  oi  months,  according  to  the  extent  to  which  the  battery  is  used, 
it  will  be  necessar)  to  wash  the  plates  and  scrape  off  the  exudation  and 
renew  the  solution,  or,  at  least,  to  add  more  acid  or  water,  and  amalga- 
mate the  zinc.  The  chrome  alum  tliat  collects  in  the  bottom  of  the  jars 
(see  Electro- Physics,  p.  42)  and  becomes  very  haid  can  be  softened  by 
allowing  warm  water  to  stand  in  the  jars  for  a  time,  and  then  loosening 
the  deposit  with  any  shaq?  instrument.  A  good  way  to  amalgamate 
the  zincs  is,  take  a  strip  of  zinc,  dip  it  in  a  solution  of  sulphuric  acid 
and  water,  then  dip  it  in  mercury ;  the  mercury  will  adhere  to  and  nm 
over  it ;  then  rub  up  over  the  surface  of  the  zincs  of  the  battery  until 
ail  are  well  covered  with  mercury.  During  the  process  of  amalgama- 
tion the  zincs  should  be  kept  well  moistened  with  a  solution  of  sul- 
phuric acid  and  water.     (See  Electro-Physics,  p.  43.) 

How  to  tell  the  Strength  of  the  Current. — Those  who  have  no  galva- 
nometer can  tell  whether  the  current  is  running  and  how  strong  it  is  by 
putting  one  pole  in  the  hollow  of  the  hand  and  the  other  between  the 
thumb  and  forefinger.  The  poles  should  be  wet  with  salt  water  or 
simple  warm  water.  Those  who  have  been  accustomed  only  to  the 
noisy  and  violent  faradic  (induced)  current,  will  be  disapi)ointed  to  f  "id 
that  this  galvanic  current  causes  only  a  slight  burning  sensation^  with  no 
shocks  except  when  interrupted.  A  current  that  is  scarcely  felt  when 
applied  in  the  hand,  may  be  too  strong  to  apply  lo  the  head,  or  face,  or 
neck.  The  greatest  mistakes  are  made  by  using  the  galvanic  current 
too  strong. 

How  to  distinguish  the  Poles. — The  current  is  felt  strongest  at  the 
ITEGATIVE  POLE.     VVTicD  bolh  polcs  are  dipped  in  a  solution  of  iodide 
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of  potassium,  the  brown  color  of  the  iodine  appears  at  tb« 

POLE. 

Chromatid  Lead  as  an  EUctro-Ncgative  EUment. — George  Beailii 
ley,  of  Brooklyn,  has  patented  the  discovery  of  chromated  lead  tf 
substitute  for  carbon  in  the  battery. 

The  recognized  disadvantages  of  carbon  are  that  it  is  easily 
that  it  absorbs  gases,  and  that  it  does  not  conduct  as  well  as  could 
wished 

The  position  of  chromium  in  the  series  of  elements  would  indicate 
it  would  be  a  superior  electro-negative,  but  pure  chromium  in  the 
lie  state  cannot  be  obtained-      That  lead  makes  a  good  dcci 
tive  has  lung  been  known. 

Mr,  Beardsley  covers  lead  with  powdered  chromium  just  as  sil^ 
covered  with  powdered  platinum.     The  result  is  a  flexible,  light, 
not  easily  breakable  electro-negative,  which  can  be  used  as  a  su 
for  carbon^  for  platinized  silver  or  copper  in  the  ordinary  galvanic 
teries. 

Its  apparent  advantages,  which  experience  must  test,  are  these : 

1.  It  conducts  better  than  even  the  best  carbon.     Hence  it 
more  electro-motive  force. 

2.  It  gives  a  steatUer  and  more  enduring  current,  according  to 
eral  Abbott,  of  West  Point,  who  has  experimented  extensively  with 
and  oilier  elements,  trying  them  by  the  most  elaborate  tests.  The  cur* 
rent  from  a  battery,  of  which  the  chromated  lead  is  one  of  the  clc 
ments,  not  only  maintains  its  strength,  but  actually  increases  in  strength 
during  a  pretty  long  use,  while  the  ordinary  Smec's  and  zinc-carbon 
batteries  diminish  very  markedly. 

3.  It  is  less  friable  than  either  platinized  silver  or  carbon. 
Platinized  silver,  as  every  one  knows,  is  liable  to  be  injured  byd* 

mercury  in  the  Smee's  cell.  To  these  advantages  it  may  be  ad(fa4» 
that  chromated  lead  is  quite  inexpensive.  It  may  be  used  irith  sol' 
phuric  acid  solution,  wnth  bichromate  of  potash  solution,  or  with  sil 
ammoniac  that  is  employed  in  Lechanch^'s  battery. 

The  Cabinet  Battery. — A  little  more  than  a  year  ago  it  « 
gested  to  the  Galvano-Faradic  Manufacturing  Company  the  po**- 
biUty  of  arranging  a  combination  of  sixty  or  more  Siemens  Habkt 
elements  of  moderate  size,  in  such  a  way  that  all  the  cells  and  ill  the 
connections  and  appliances  should  be  contained  in  a  small  inovaW« 
desk  or  bureau.  The  suggestion  was  made  in  the  belief  that  all  '^ 
supposed  or  real  advantages  of  the  combinations  of  large  cclU  4** 
are  usually  placed  in  cellajs  or  basements,  and  connected  by  wires  indi 
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the  operating  room,  could  be  secured  at  far  less  trouble  by  a  simple, 
convenient,  and  accessible  arrangement,  in  which  many  of  the  difficulties 
connected  with  removal,  cleaning  and  overhauling  should  be  reduced 
to  a  minimuui. 

In  the  roughest  possible  manner  a  general  plan  of  a  bureau  wnth 
drawers  and  cover  was  drawn  and  it  was  fiuther  suggested  that  it  would 
be  well  to  have  a  current  selecter,  current-reverser,  rheostat,  and  gal- 
vanometer interposed  in  the  circuit,  and  that  the  appliances  should  all  be 
in  a  plane  surface  at  the  top ;  and  that  the  drawers  containing  the  cells 
should  be  so  made  that  ihey  could  be  easily  taken  out  whenever  neces- 
sary to  inspect  and  replenish  the  battery.  We  thought  little  more  of 
the  matter  until  November  last,  when  the  Con) pany  called  our  attention 
to  the  fact  that  they  had  completed  a  battery  which  they  called  the 
Cabinet  battery,  and  which  is  represented  in  the  accompanying  cut. 


'JJ 
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Fig.  65. 


The  Cabinet  battery  is  so  simple  that  a  very  brief  description  of  it 
will  be  sufficient.    The  Siemens-Halske  cell  is  merely  a  modification  of 
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Danicll's  cell.  It  consists  of  a  small  cylinder  of  glass,  attachrtl  at  lb« 
boltoni  to  a  cylinder  of  [lorcelain.  In  this  cylinder  is  placed  a  coil  oi 
ribbon  of  cop|>er,  and  a  little  water.  Outside  of  this  cylinder  is  a  cylin- 
der of  zinc,  and  the  s[iace  between  it  and  the  outer  glass  jar  is  sawdust 
on  the  top,  and  at  the  bottom  powdered  papier  niach^  packed  closely, 
and  wet  with  water  slightly  acidulated  with  sulphuric  acid.  The  object 
of  the  sawdust  and  papier-niacli6  is  to  hold  the  fluid  and  avoid  spilliog 
and  to  make  the  action  of  the  battery  gentle  and  uniform.  A  cork 
is  placed  in  the  cylinder  so  as  to  prevent  mingling  of  the  tluids  of  the 
outer  and  the  inner  cells. 

These  cells,  like  all  modifications  of  Daniell's  cell,  are  very  con- 
stant ;  that  is,  they  give  a  steady  and  uniform  current,  and  can  be  used 
for  a  long  time  without  recharging.  It  is  necessary,  now  and  then,  to 
drop  a  Uttle  water  into  the  inner  cylinder  to  make  up  for  the  loss  by 
evaporation »  and  to  put  in  a  few  pieces  of  sulphate  of  copper  ;  this, 
however,  can  be  very  easily  done  by  pulling  out  the  drawers  and 
remo\nng  the  corks.  Each  cell  is  about  the  si/e  of  an  ordinary 
tumbler.     There  are  three  drawers,  each  containing  twenty  cells. 

The  metallic  connections  of  the  cells  arc  made  at  the  back  part  of 
the  drawer,  and  are  completed  when  the  drawer  is  well  pushed  iiu  On 
the  top  of  the  bureau  are  the  current-selecter,  by  which  one  cell  or 
sixty  cells  can  be  brought  into  the  circuit ;  the  current-reverser ;  the 
short-coil  galvanometer  for  indicating  the  presence  and  direction  of  the 
current  merely,  and  the  hydro-  or  water  rheostat,  for  gradually  increas- 
ing or  diminishing  the  strength  of  the  current. 

The  water  rheostat  is  the  perfection  oi  neatness  and  convenience, 
and  is  difi'crcntly  arranged  from  any  that  we  have  seen.  The  water  is 
contained  in  a  small  case  or  cup,  with  a  glass  top.  By  turning  a  small 
brass  disk,  connected  with  a  brass  lever,  a  small  or  large  area  of  the 
water  can  be  brought  into  the  cireuit.  Beside  all  the  appliances  for 
the  galvanic  current,  this  Cabinet  battery  also  provides  \.\\c  faradic  cur- 
rent. Two  Lechanche  cells  in  the  upper  drawer  are  connected  with  a  con- 
tinuous coil  and  interrupter,  on  the  right  hand  of  the  top  of  the  bureau. 
The  faradic  current  can  be  increased  or  diminished  by  pulling  out  or 
pushing  in  a  metallic  rod  in  front  of  the  top  piece. 

The  advantages  of  this  Cabinet  combination  are  these  : — 

I,  //  is  ray  easily  moved  and  managed.  The  whole  Cabinet,  con- 
taining sixty  cells,  the  electrodes,  connections,  etc.,  for  both  currents, 
and  the  cover  to  place  over  the  lop,  is  but  three  feet  high  and  seven- 
teen inches  broad.  It  is  placed  on  castors,  and  can  be  easily  moved 
from  one  ward  of  a  hospital  to  another  ward,  or  about  the  room,  by  one 
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person,  as  easily  as  an  ordinary  centre-table.  The  combinations  of 
Daniell's  cells  are  generally  placed  in  the  cellar,  and  the  apparatus 
througlKjut  is  permanent,  and  when  ihe  physician  wishes  to  move  his 
office  the  labor  of  reselling  the  baitcry  is  very  great.  This  combina- 
tion, widiout  taking  out  the  drawers,  can  be  transported  bodily  from 
one  house  to  another  as  easily  as  any  bureau  the  drawers  of  which 
are  filled  with  heavy  goods. 

Although  the  battery  will  probably  go  for  years  without  thorough 
overhauling,  yet  occasional  inspection  and  refilling  will  be  required, 
and  can  be  very  easily  performed. 

2.  //  giT^es  a  constant^  uni/ttrm,  and  steady  current ;  and  ;.r,  therefore^ 
better  adapted  for  the  treatment  of  irritable  and  sensitive  conditions  than 
the  small  cells  of  the  ordinary  portable  batteries. 

This  advantage  it  shares  with  all  modifiaitions  of  Daniell's  battery. 
The  explanation  of  the  constancy  and  steadiness  of  the  current  from 
these  combinations  of  Daniell's  cells  is  found  in  the  (act  that  on  ac- 
count of  the  feebleness  of  the  solution,  and  the  interposition  of  the 
porous  cell,  the  chemical  action  is  slow  and  uniform,  with  no  inter- 
ruptions or  even  variations.  In  the  single  zinc-carbon  cells  the  solution 
is  very  strong,  and  the  chemical  action  very  vigorous ;  the  plates  are 
rapidly  polari/ed :  the  density  of  the  solution,  and  with  it  the  inter- 
nal resistance  of  the  battery,  is  continually  changing  as  a  result  of  the 
vigorous  chemital  action,  and  conse<piently  the  strength  of  the  current 
not  only  diminishrs  after  a  protracted  use  of  the  battery,  but  it  varies 
from  moment  to  moment. 

The  potential  (juanlity  of  electricity  may  be  the  same  in  a  combina- 
tion of  single  zinc-carbon  cells,  as  in  a  combination  of  sawdust  Daniell's 
cells,  and  may  even  be  far  greater ;  but  there  is  great  tllfference  in  the 
rapidity  ^^ith  which  they  evolve  it.  For  sliort  work,  such  as  is  required 
in  |>owerful  electrolytic  operations,  the  single  zinc-carbon  cell  is  far 
preferable  to  the  Daniell,  for  the  reason  that  the  quantity  of  electricity 
that  it  generates  in  a  short  time,  say  half  an  hour,  is  very  much  greater 
than  a  similar  number  of  Daniell's  cells  would  generate  in  the  same 
time.  This  Cabinet  battery  is  therefore  not  a  good  battery  for  elec- 
trolysis, and  we  never  attempt  to  use  it  in  any  im|)ortant  electrolytic 
operations.  In  experimennng  with  it  we  tind  that  it  causes  but  a  very 
Ifceble  deco:nposition  of  iodide  of  potassium,  or  chloride  of  sodium. 
It  could  not  indeed  be  otherwise;  in  electrolysis,  as  everywhere,  force 
answers  to  force  ;  the  amount  of  chemical  action  outside  of  the  cell — 
electrolysis — must  be  proportioned  to  the  amount  of  chemical  action 
insuU  of  the  ceil.     In  the  Daniell's  cell  the  chemical  action  is  very  slow 
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and  feeble ;  hence,  the  electrolysis  it  causes  is  slow  and  feeble,  but  U 
is  constant  and  steady  ;  it  does  not  give  out  so  much  electricity  in  an 
hour  as  the  single  zinc-carbon  cell,  but  it  continues  to  give  it  out  long 
after  the  zinc-carbon  cell  is  exhausted. 

Two  men  have  each  a  thousand  dollars  ;  one  spends  recklessly,  rap- 
idly^ and  extravagantly,  and  in  a  few  days  is  jjenniless :  the  other 
spends  regularly  and  slowly,  and  uniformly,  one  dollar  each  day,  and 
makes  his  thousand  dollars  last  a  thousand  days.  The  single  zinc-car- 
bou  cell  makes  an  extravagant  battery;  but  in  electrolysis  extravagance 
is  nee<leU,  and  besides  the  solution  can  be  removed  from  the  plates,  so 
that  no  action  can  take  place  when  the  battery  is  not  needed.  The 
Danicll's  cell  makes  an  economical  batter)^  since  it  spends  slowly  and 
regidarly,  even  though  it  is  kept  constantly  immersed.  Hence  its  ad- 
vantage in  the  treatment  of  the  neuralgic,  the  hysterical,  and  the  nerv- 
ously  exhausted,  who  in  some  cases,  at  least,  require  to  be  treated  with 
feeble,  mild,  steady,  and  painless  currents.  The  current  from  these 
Daniell's  cells  is  less  painful  than  the  current  from  small  and  active 
cells,  for  the  reason  mainly  that  it  is  more  uniform. 

The  notion  entertained  by  some  that  these  large  double-cell  batter- 
ies send  a  larger  quantity  of  clcctricily  through  the  body  than  small 
cells,  is  at  war  with  Ohm's  law,  and  has  no  foundation  in  experience. 
The  resistance  of  the  body  is  so  great  in  comparison  with  the  internal 
resistance  of  the  batteries,  that  it  makes  but  little  diftcrcnce  in  regard 
to  the  quantity  of  electricity  that  flows  through  the  body  whether  the 
cells  arc  large  or  small.  As  a  matter  of  fact,  the  small  single  zinc-car- 
bon cells,  or  even  the  ordinary  Smee's  cell,  give  larger  quantity  of  elec- 
tricity for  a  short  time  tlian  tlie  large  Daniell's  cell.  (See  Electro- 
Physics,  pp.  77-95-) 

The  arrangement  in  Fig.  66,  is  very  light,  compact,  and  portable. 
The  cells  are  quite  small,  and  of  course  need  refilling  more  frequently 
than  larger  cells.  The  cord  spools  (S  S)  are  convenient  contrivances 
for  winding  up  the  cords  when  not  in  use. 

These  batteries  are  made  also  often,  twenty  four,  and  forty  cells. 

The  combination  in  Fig.  67,  embraces  both  tlie  faradic  and  the  gal- 
vanic currents,  forty  zinc-carbou  cells — and  a  rheostat.  The  same  coil 
that  furnishes  the  faradic  current  can  also  be  enclosed  in  the  circuit 
of  the  galvanic  current  so  as  to  form  a  rheostat.  Connected  with  the 
apitaraius,  on  a  board  in  front  of  it,  is  a  current-reverser,  a  currt.ni- 
intcnupter,  and  a  galvanoscope. 

The  faradic  current  is  supplied  by  a  continuous  coil  with  many  wind- 
ings, and  gives  a  very  pleasant  current. 


THE  CABINET  BATTERY. 


349 


These  batteries  (Fig.  68,  p,  351)  are  of  twelve,  or  tvfenty-four,  or  thirty- 
six  cells.  The  general  construction  of  the  Lechanchi  cell  has  already 
been  described  in  Electro- Physics. 

Curt  W.  Meyer  also  manufactures  a  combination  of  Lechanche's  cells 
that  is  conveniently  portable,  and  is  said  to  be  quite  enduring.  These 
small  Lechanchc  cells  are  not  as  enduring  as  those  of  a  larger  size,  and 
when  frequently  used  must  be  frequently  cleaned,  like  the  zinc-carbon 
batteries. 

Kaifnts'  Battery . — Prof.  George  W.  Raines,  of  Augusta,  Georgia,  has 
described  ♦  a  portable  galvanic  battery,  composed  of  strips  of  zinc  and 


Fig.  66. 
Portable  galvanic  battery,  twenty  zinc-carbon  cells  (Drescher). 

platinum,  united  by  copper  strips  in  the  shape  of  the  letter  V  inverted. 
These  /inc  and  platinum  strips  thus  united  are  passed  through  holes 
made  in  a  rubber  plate,  beneath  which  is  a  square  trough  of  rubber,  di- 
vided into  forty-nine  compartments  or  cells.  These  cells  contain  the 
acid  solution,  which  can  be  raised  to  the  metallic  strips  so  as  to  immerse 
them.  Tlie  whole  battery  is  about  the  weight  of  a  No.  4  faradic  ma« 
chine  of  the  Galvano-Faradic  Co.'s  manufacture. 

Galvanometers  or  Gahanoscopes . — The  general  principles  on  which 
galvanometers  are  constructed  have  been  already  described  (Electro- 
l*hysics,  p.  46). 

A  galvanometer  which,  by  Dr.  Rockwell's  suggestion,  was  made  by 
Messrs.  Chester  &  Co.,  is  represented  in  the  cut.  It  is  of  the  long-coil 
variety,  and  is  provided  with  a  "  shunt,"  which  has  a  resistance  equiva- 
lent to  1 50  miles  of  telegraph  wire.  This  galvanometer  measures  with 
•  Siitnti/tc  Amtrican^  September  28,  1873. 
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Fic.  68. 
Portable  B«U-Lechanch^  battery,  twenty  cells  (T*homas  Hall). 

considerable  accuracy  the  strength  of  the  galvanic  current,  since  the  de- 
flection of  the  needle  is  in  tolerably  exact  proportion  to  the  number  of 
cells  introduced  into  the  circuit.  It  is  very  useful,  therefore,  in  compar- 
ing different  batteries,  or  the  same  battery  at  different  times,  in  order  to 
determine  how  much  power  it  has  lost.  When  a  thirly-two-cell  zinc- 
carbon  battery  is  in  perfect  order  it  will  deriect  the  needle  of  this  gal- 
vanometer from  40°  upwards  ;  fifteen  cells  will  cause  a  deflection  of 
about  20"*  or  25°.  The  deflection  of  tlie  latter  part,  when  a  large  num- 
ber of  cells  are  introduced,  is  not  exactly  proi>ortional  as  in  the  first 
part,  but  sufficiently  so  for  all  practical  uses. 

The  ordinary  "  short-coil "  galvanometers  (galvano5copes)are  so  deli- 
cate that  one  or  two  cells  send  the  needle  round  to  90",  and  are  there- 
fore useful  only  to  determine  the  presence  and  direction  of  the  current. 
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Fic.  69. 

Brenner's  Apparatus,  including  Stopper  Rheostat,  Galvanoscope,  Faradic  Con«  etc 
(GaJvano-Faradic  Manufacturing  Co.).  This  apparatus  may  be  coauected  witli 
any  desired  number  of  large  cells  in  the  cellar, 

Rheostates, — The  general  object  and  principle  of  the  rheostat  has 
been  already  described  {Electro- Physics,  p.  48).     It  remains  here  toj 
speak  of  Lhose  forms  that  are  best  adapted  for  electro  therapeutics. 


Fic.  70. 
Galvanometer  used  by  the  Authors.     (Chester  &  Co.) 

A   form  of  rheostat,  very  well  known  to  electro-physiologists  liidl 
electro-therapeutists,  is  that  of  Siemens,  and  introduced  into  electro- ] 
therapeutics  by  Brenner  in  his  researches  on  the  ear.     The  unit  of 
Siemens  is  a  column  of  mercury,  one  metre  long,  with  a  transverse  scC^ 
tion  of  one  square  millimetre  at  32°    F.     The  rheostat  may  conuinl 
1,110  or  2,100  units.     The  metallic  blocks  or  pieces  on  the  top  are 
attached  to  insulated  coils  of  wire,  which  in  their  length  correspond  lo 
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^UmiH/  Stopptr-Rheoitat.—Qn  the  ciide  B,  the  metallic  disks  are  numbered  by 
ttnits  from  o  to  lo ;  on  the  circle  C,  by  tens,  from  o  to  loo ;  on  the  circle  D» 
by  hundreds,  from  o  to  1,000.  To  use  the  rheostat,  connect  the  wire  A  with 
one  of  the  poles  of  the  battery,  and  the  wire  E  with  one  of  the  electrodes:  in 
this  way  the  resistances  of  the  rheostat  are  included  in  the  circuit,  constituting 
what  is  called  a  "  secondary  clojurt." 


the  numbers  i,  J,  3,  4,  5,  6,  7,  etc.,  10,  20,  30,  40,  50,  60,  etc.,  100, 
200,  300,  400,  etc.,  marked  over  them.  At  the  centra.1  end  of  each  divi- 
sion of  the  star-shaped  top-piece  there  is  a  hole  for  receiving  the  stop- 
per.  When  all  the  stoppers  are  inserted  in  the  division  marked  o, 
there  is  no  resistance  in  the  rheostat,  and  the  current  goes  directly 
through  it,  and  not  at  all  through  the  body  of  the  patient,  for  the  rea- 
son that  metal  conducts  electricity  very  much  better  than  the  body,  and 
when  it  has  a  choice  it  will  take  the  path  throtigh  the  best  conductor. 

When  new,  the  stoppers  are  inserted  so  that  some  of  the  coils  of  wire 
connected  with  the  divisions  of  the  top  piece,  say  those  marked  5,  50 
500,  are  brought  into  the  circuit,  the  current  will  have  to  overcome  not 
only  the  resistance  of  the  metallic  connections,  but  also  the  resistance 
of  550  Siemens'  units,  represented  by  corresponding  lengths  of  copper 
wire,  and  by  preference  much  more  of  the  current  will  pass  through  the 
body.  If  all  the  resistances,  1,110  or  2,100  units,  are  interposed, 
most  of  the  current  passes  through  the  body.  If  all  the  stoppers  are 
removed,  a  part  of  the  current  goes  through  the  rheostat. 

Rheostat  of  Mayer  ^  IVb/f.—UsLyer  &  Wolff,  of  Vienna,  have 
constructed  a  simple  form  of  rheostat — a  wooden  box  containing  coils 
of  wire  corresponding  to  1,605  Siemens'  units. 

Hydro-rheostat  {water  rheostat,  or  liquid  rheostat). — For  all  the  prac- 
tical purposes  of  electro-therapeutics,  even  for  the  most  delicate  appli- 
cations to  the  most  delicate  organs,  as  the  ear,  eye,  etc.,  the  common 
water  rheostat — or,  as  it  is  sometimes  called,  hydro-rheostat,  or  liquid 
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rheostat — is  sufficiently  precise,  and  in  convenience  is  incomparabljr 
superior  to  the  stopper  rheostates. 

The  water  rheostat,  represented  in  the  cut,  is  simply  a  column  of 
water,  interposed  in  the  circuit,  and  so  arranged  thai  the  distances  be* 
tween  the  extremities  of  the  metals  that  close  the  circuit  through  the  | 
water  can  be  increased  or  diminished  at  pleasure. 


^^^^v 


Hydro. Rheostat  (G«lvano«Faradic  Manufacturing  Co.). 

The  precision  that  physiologists  and  physicians  obtain  by  the  use  of 
the  stopper  rheostat  is  more  apparent  than  real.  A  study  of  Ohm's 
law  will  show  that  the  quantity  of  electricity  that  flows  through  the  body 
in  any  electrical  application,  depends  not  alone  on  the  nature  of  the 
conducting  wire,  and  the  number  of  cells  employed,  but  also  on  the 
nature  of  the  electrodes,  the  quality  and  degree  of  moisture  in  them* 
the  amount  of  pressure  used,  their  distance  from  each  other,  and  the 
part  of  the  body  that  is  treated.  Those  who  are  "particular  to  state  the 
number  of  cells  employed,  and  the  number  of  units  interposed,  are 
tlierefore  much  less  precise  than  they  suppose ;  for,  besides  all  the  qua- 
lifications  just  given,  the  strength  of  even  the  most  constant  cells  varies 
more  or  less  from  time  to  time  {see  chapter  on  Ohm's  Law,  pp.  77-95.) 
Reports,  therefore,  that  contain  in  full  detail  the  number  of  elements 
employed,  and  the  number  of  units  interposed  in  the  circuits,  are  appar- 
ently but  not  really  precise  ;  the  careful  physiological  researches  on  defi. 
nite  and  very  limited  portions  of  tissue,  the  statement  of  the  kind  of  ceD 
employed,  and  the  number  of  them  and  the  number  of  resistances  of 
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the  rheostat  interposed,  may  convey  an  approximate  idea  of  the 
strength  of  current,  and  thus  may  be  of  service  to  other  investigators, 
but  in  the  very  nature  of  things  they  cannot  be  accurate.  In  the  ordi- 
nary applications  of  electro-therapeutics,  unless  it  be  limited  electroly- 
sis, wc  oftentimes  state  the  number  and  kind  of  cells  employed,  but 
always  with  the  implied  proviso  that  we  are  suggesting  approximate  and 
not  mathematical  truth. 

So  far  as  producing  delicate  shades  and  grades  of  sensation  is  con- 
cerned, the  water  rheostat,  when  properly  constructed  and  adjusted,  is 
fully  as  trustworthy  as  the  stopper  rheostat,  and  far  more  convenient 
for  the  operator.  A  rheostat  of  some  form,  though  not  indispensable 
in  electrical  applications,  is  yet  a  great  convenience,  and,  especially  in 
central  galvanization  and  in  local  galvanization  of  the  nerve-centres,  a 
very  great  convenience.  In  ordinary  peripheral  applications,  unless  it 
be  to  very  sensitive  parts,  the  rheostat  is  not  required. 

Electrodes. — Of  the  many  varieties  of  electrodes,  we  shall  describe 
those  only  that  are  practically  useful. 


Fig.  73. 
Universal  Handle  for  Electrodes,  with  Internipter  (Galvano-Faradic  Manufacturing 

Co.). 


Fig.  74- 

Unlyersal  Handles  for  Electrodes,  with  Intemipter— insulated  (Galvano-Farodic  Moa* 

nfocturiag  Co.). 


The  peculiarity  of  these  handles  (Fig.  74)  is,  that  there  is  no  exposed 
metalUc  surface,  the  connection  being  made  at  the  closed  ends.  A  dis- 
advantage of  these  electrodes  is  that  they  can  be  used  only  with  one 
conducting  wire,  to  which  they  arc  nermanently  attached. 
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Frc.  75. 
Long  Sponge  Electrode. 


Fig.  76. 
Our  electrodes  of  various  sizes 
in  grailuntcfl  scries,  to  be  at- 
tached to  univer<.il  handles 
(Kidder  and  Galvano-Faradic 
Manufacturing  Co.). 


Fic.  77. 
Hard    Rubber  Handle 
and     Electrode,    with 
Interrupter  (Kidder). 


Fig.  7«, 
Plain    Wooden    Sponge-holder, 
wiih  Sponge  attached  (Kidder). 


F»o.  79, 
Small  Sponge  Electrode  (Kidder)L 


K»^P 


Fig.  Eo. 
Duchenne's  Electrocie. 


Fig.  Rt. 

Rock^reU's  Brass    BaU   Electrode 
General  Faradization  (Kidder). 


A  large,  soft  sponge,  loosely  folded  about  this  ball,  makes  the  most 
convenient  possible  electrode  for  general  faradization. 
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These  adjustable  electrodes,  which  are  made  of  several  diifcrent 
sizes,  have  long  been  to  us  indispensable.  They  can  be  fastened  by 
means  of  a  simple  cloth  band  to  any  part  of  the  body,  and  k.ept  there 
as  long  as  may  be  necessary. 

In  diseases  of  the  skin,  in  rheumatism,  in  spratns,  and  in  tumors,  and 
in  all  cases  where  it  is  desired  to  keep  the  electrode  long  in  one  spot, 
they  are  most  convenient  A  second  advantage  which  they  have,  is, 
that  they  can  be  passed  easily  under  the  clothing,  thus  saving  mtich 
undressing  on  the  part  of  the  patient. 

These  adjustable  electrodes  can  be  covered  with  a  sponge,  which  can 
be  sewed  through  the  hole  at  the  edge,  or  what  is  very  much  better, 
with  electrode  covers,  to  be  hereafter  described. 

We  use  these  adjustable  electrodes  in  central  galvanization,  galvan- 
ization of  the  cer\ical  sympathetic,  and  brain  and  spine,  and  in  a  large 
variety  of  peripheral  applications.  In  some  applications,  as  in  central 
galvanization,  one  electrode  is  adjustable,  while  the  other  held  by  the 
patient  is  of  the  ordinary  form  with  a  handle.  We  do  not  much  use 
the  bands  that  accompany  them,  preferring  to  hold  the  electrode  iu 
position  by  allowing  the  clothing  of  the  patient  to  rest  against  it,  or 
having  the  patient  hold  it^  by  a  little  pressure. 

In  galvanization  of  the  sympathetic,  for  example,  the  adjustable  elec- 
trode can  be  easily  placed  under  the  collar  at  the  back  of  the  neck, 
and  kept  there  by  the  pressure  of  the  clothing. 


^f€^^:^ 


Fig.  84. 
Beard'i  Adjustable  Electrode — small 
■use — with  flannel  cover. 


Fig.  «5. 
Fliumel  Cover  for  AdjustAble  Elec- 
trode— sauli  size. 


These  flannel  covers  are  provided  with  elastics  in  their  edges  so  that 
they  remain  in  position  when  put  on  the  electrode,  and  are  easily  slipped 
off  and  on.  They  can  be  washed  like  towels,  and  the  expense  of  mak- 
ing them  is  so  slight,  that  a  large  number  can  be  kept  constantly  on 
hand.  Another  advantage  of  these  flannel  covers  is  that  the  current  is 
more  painfully  felt  through  them  than  through  sponges,  and  hence  there 
is,  while  using  them,  less  liability  to  give  too  strong  currents.  We  have 
long  been  accustomed  to  use  these  covers  in  all  central  applications  of 
the  galvanic  current 
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pressure  of  the  thumbs  without  the  intervention  of  a  slide,  or  any  \ 
plex  arrangement  whatsoever. 

The  letter  0  represents  the  button  of  the  spring,  by  pressing  whi| 
the  current  is  interrupted  or  reversed.     Pressing  it  lightly,  inta 
the  current ;  pressing  it  firmly,  reverses  it. 


-j;f  ,M>  v.  !^Ci 


Fig.  91. 
Beard's  Current- Reverscr,  with  flexible  electrode* 


In  the  vertical  section  of  the  hard  rubber  handle,  A  A  is  repreft 
as  springing  up  against  the  metallic  plate  on  the  upper  and  inner  1 
face  of  the  handle.     Pressing  this  slightly  down,  metallic  conncctioai| 
broken  and  the  current  is  interrupted ;  pressing  it  fimily  down,  I 
connection  is  made  and  reversed ^i  B  B,  the  metallic  plate  on  -he  In* 
surface  of  the  handle. 

C  represents  the  wires  that  connect  with  the  battery,  endosetli 
rubber  tubing  E. 

F  and  G  are  flexible  wire  electrodes  armed  with  sponges ;  ibey  I 
be  separated  several  inches  and  kept  there,  or  put  close  together  i 
represented  in  the   cut.     The  advantages  of  this  are    these  : — i- 
many  of  the  applications  of  localized  electrization  this  neat  and  sin 
arrangement  saves  considerable  expenditure  of  muscle  on  the  part  i 
the  operator.     One  hand  can  be  perfectly  free  while  the  other 
and  guides  the  electrode.     In  electrizing  the  muscles  of  the  band  \ 
ami,  and  of  the  face  especially,  it  is  far  more  convenient  than  to  I 
separate  electrodes. 

2.  In  cases  of  paralysis  of  motion  and  of  sensation,  where  tdtof 
alternatives  are  son>etimes  indicated,  this  is  the  easiest  conoci«6|*j 
method  of  reversing  the  current.     We  find  the  arrangement  of  the  1 
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ble  electrodes  very  convenient  in  external  applications  to  tumors,  rheu- 
matic joints,  and  sprains. 

The  special  electrodes  that  are  needed  for  local  applications  to  spe- 
cial parts,  as  the  eye,  the  ear,  larynx,  oesophagus,  rectum,  vagina,  ute- 
rus, bladder,  urethra,  and  so  forth,  \vill  be  described  in  the  chapters  de- 
voted to  the  electrical  treatment  of  tliese  organs.  We  propose  here  to 
represent  and  describe  only  those  that  are  of  general  use  in  all  the  or- 
dinar)'  apphcations,  both  of  general  and  localized  electrization. 

The  variety  of  shapes  and  modifications  that  may  be  given  to  elec- 
trodes is  limited  only  by  tlie  taste,  inclinations,  and  peculiarities  of  the 
operator.  In  describing  those  that  we  chiefly  use  and  recommend,  we 
do  not  desire  to  give  the  impression  that  we  regard  them  as  better  than 
have  been  or  may  be  devised  by  others ;  but  simply  that  they  have 
satisfactorily  answered  our  purposes,  and  will,  we  belie^^e,  in  the  main 
be  satisfactory  to  others. 

UnpolarizabU  Electrodes, —  It  is  well  known  to  electro-physiologists 
that  in  consequence  of  the  electrolytic  changes  that  take  place  during 
the  passage  of  a  current  from  the  electrodes  to  the  body,  a  change 
takes  place  at  the  surface  of  the  electrodes,  by  which  a  new  electrical 
action  is  set  up  that  to  a  certain  extent  interferes  with  the  main  current 
and  also  causes  pain.  Electrodes  thus  affected  are  calleil  polarized. 
(See  Electro-Physics,  p.  37.) 

Dr.  Hitzig,*  of  Berlin,  has  devised  electrodes  in  which  this  secondary 
electrical  action  at  the  surface  does  not  take  place ;  to  these  he  has 
given  the  name  unpolarizable  electrodes.  These  are  made  unpolariza- 
ble  by  a  solution  of  sulphate  of  zinc.  By  the  courtesy  of  Dr.  Hitzig, 
we  were  enabled  to  test  them  while  in  Berlin,  and  were  favorably 
impressed  with  their  action.  The  pain  produced  by  stable  galvanization 
is  sometimes  very  disagreeable,  and  by  these  electrodes  it  was  certainly 
diminished.  They  can  be  used  several  hours  without  exhibiting  any 
polarization.  The  subject  of  unpolarizable  electrodes  had  previously 
received  the  attention  of  Regnauld,  Matteucci,  and  Du  Bois-Reymond 

Rubber  Covers  for  Conducting  Wires, — The  conducting  wires  con- 
necting the  electrodes  with  the  apparatus  are  covered  widi  silk  ;  they 
may  be  still  further  insulated  by  flexible  rubber.  We  have  long  been 
accustomed  to  use  these  rubber  covers,  and  are  much  pleased  with 
them.  If  the  rubber  is  properly  prepared  it  will  not  injure  the  silk 
covering  beneath  it     Some  electro-therapeutists  have  rubber  coverings 


•  Ueber  die  Anwendung  unpolorisirbarer  Electroden  in  der  Electrotherapie.    Bcr 
ioer  KJinisdw  Wochenschrift,  1867,  No.  89, 
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of  a  different  color  for  the  two  poles,  thus  affording  a  ready  means  o( 
distinguishing  them. 

Care  of  Electrodes. — Electro-therapeutics  is  a  scries  of  details  ;  and 
among  the  more  important  of  these  details  is  the  care  of  the  electrodes. 
The  chemical  action,  even  of  the  secondary  coil  and  faradic  current,  is 
sufficient  to  corrode  any  metal  that  is  used,  except  platinum  j  and  pUti- 
num  electrodes  are  rarely,  if  ever,  used  except  in  electrolytic  operations. 
The  copper  plates  used  at  the  feet  in  general  faradization  become  more 
or  less  corroded  and  require  occasional  cleaning,  in  order  to  keep  them 
bright.  All  the  general  and  special  electrodes  of  all  kinds  require  oc- 
casional polishing  with  sand-paper,  eraory-paper,  or  whiting.  It  is  an 
advantage  to  have  the  electrodes,  as  well  as  the  batteries,  nickellzed, 
so  as  to  reduce  corrosion  to  a  minimum. 

The  sponges  that  are  attached  to  the  electrodes  need  to  be  frequently 
washed  in  warm  water,  and  those  that  are  much  used  should  be  occa- 
sionally disinfected  with  chlorinated  solutions.  It  is  better,  however,  to 
make  delicate  and  particular  patients,  especially  ladies,  supply  their 
own  sponges.  But  a  physician  who  has  a  large  general  or  special 
practice  will  find  it  very  difficult,  if  not  impossible,  to  keep  a  large  as- 
sortment of  electrodes,  sponges,  and  electrode  covers  always  separate ; 
and  hence  it  becomes  necessary  to  treat  many  of  the  patients  with  the 
same  electrode.  To  meet  this  difficulty  we  devised  the  electrode  covers, 
elsewhere  described.  These  can  be  thrown  off  with  every  application 
and  washed  weekly,  like  towels.  The  expense  and  labor  of  making 
them  is  so  slight  that  some  electro-therapeutists,  after  using  them  a  few 
times,  cast  them  aside  entirely, 

European  Batteries. — For  the  sake  of  our  European  readers,  wc  give 
very  brief  descriptions  of  a  few  of  the  batteries  that  are  at  the  present 
date  most  used  by  European  electro-therapeutists.  'All  who  consult 
this  book — Americans  as  well  as  Europeans — may  find  it  of  interest  to 
compare  the  workmanship  of  the  different  (Countries.  A  fact  which  such 
a  comparison  constantly  suggests  is,  that  all  advanced  and  active  electro. 
logists  in  all  countries  have  realized  the  same  difficulties  and  wants  of 
the  specialty,  and  have  sought  to  overcome  them  by  similar  or  nearly 
similar  methods,  and  nearly  all  have  in  a  greater  or  less  measure  succeed- 
ed. On  the  whole,  with  special  advantages  or  disadvantages  on  both 
sides,  the  American  batteries  for  tJie  faradic  current,  the  galvanic  cur* 
rent,  and  for  the  galvano-cautery,  are  superior  to  the  European.* 

*  For  the  clcctrotyj>es  of  the  cuts  that  accompany  these  descriptions  of  the  Engiisb 
apparatus  we  arc  indebted  to  the  kindness  of  Dr.  AUhaus.  Tbe  descriptioas  wc  cOB* 
densed  from  the  third  edition  of  his  treatise  on  Electricity. 
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This  is  enclosed  in  a  small  mahogany  box,  six  inches  high,  three  and 
a  half  inches  deep,  and  six  inches  wide.  It  is  run  by  a  zinc-carbon  cell. 
The  primary  and  secondary  currents  are  obtained  without  shifting  the 
position  of  tlie  wires. 


-^ 


Fic.  93. 
Meyer  and  Mcltzer**  Faradic  Machine. 


Stbhrer^s  Faradic  Machine. — This  well-known  separate-coil  machine, 
which  is  run  by  a  zinc-carbon  cell,  is  widely  used  in  Europe. 

Duckenn^s  faradic  apparatus  is  of  the  separate-coil  variety ;  it  is 
inferior  in  portability  and  convenience  to  many  other  European  as  well 
as  to  the  American  machines.     It  is  run  by  a  Bunsen's  cell. 

Lcgendr^ s  faradic  apparatus  is  popular  in  France,  on  account  of  its 
portability  and  cheapness. 

Gaiffe  s faradic  apparatus  is  very  portable,  and  gives  a  fair  strength 
of  current.  He  has  made  two  forms  of  faradic  machines,  one  run  by 
a  chloride  of  silver  element,  and  the  other  by  a  sulphate  of  -aiercury 
clement. 
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Du  Bois-Reytmnd' s  faradic  apparatus,  or  •'  sledge^'  as  it  is  called,  » 
nm  by  an  element  of  Grove  or  Bunscn.  It  is  provided  with  a  **gal' 
vanic  key  "  for  opening  and  closing  the  circuit  at  pleasure.  The  mat 
chines  of  Benedict  and  of  Siemens- Halske  are  modifications  of  that  of 
Du  Bois-Reynjond. 

Kriiger  &  Hirbchmann,  of  Berlin,  have  constructed  a  good  faradlc 
machine,  which  is  run  by  a  Lechanchd  element.  It  is  arranged  for  i.low' 
or  rapid  interruptions. 

So  far  as  we  are  able  to  learn,  none  of  these  machines  have  any 
special  advantages  over  those  of  American  manufacture  previously 
described,  and  some  of  them  are  much  inferior  to  the  most  recent 
American  improvements. 

Stohrer^s  Zinc  carbon  Galvanic  Battery. — Dr.  Emil  Slohrer,  of 
Dresden,  is  the  pioneer  in  the  art  of  making  convenient  and  tnistworthy 
galvanic  apparatus  for  electro-therapeutists.  He  makes  combinations 
of  zinc-carbon  cells,  both  portable  and  non-portable.  He  was,  we  be- 
lieve, the  first  to  devise  convenient  and  simple  current-reversers  and 
current-seli-Liers.  These  batteries  have  the  disadvantage  of  all  zinc- 
carbon  batteries,  that  the  carbons  are  friable.  They  also  polarixe 
rapidly,  though  not  so  rapidly  as  Sraee's  cell,  and  if  the  plates  are  kept 
long  in  die  solution  the  current  becomes  very  weak. 

JFoveauj^s  battery  (Fig.  93),  which  is  quite  portable,  consbts  of  frobi 
twenty  to  fifty  small  Smee's  cells.  It  is  furnished  with  a  switch,  by 
which  any  desired  number  of  elements  can  be  brought  into  the  circuit 
It  is  provided  with  a  chal  or  current-selecler,  for  bringing  any  number 
of  cells  into  the  circuit.  The  jars  are  made  of  hard  rubber  or  porce- 
lain. The  tray  containing  the  jars  is  lifted  and  let  down  at  pleasure. 
This  battery  is  much  used  in  England.  It  has,  however,  the  disad- 
vantage of  all  constructions  of  Smee's  cells,  that  it  rapidly  polari/es 
and  weakens-     We  prefer  similar  combinations  of  zinc-carbon  cells. 

Becker-Muirkead  or  Siemens-Meulinger  Stationary  Galvanic  Bat- 
tery.— This  battery,  which  is  highly  praised  by  Althaus,  consists  of 
fifty  modified  Daniell's  cells.  No  acid  is  used  in  it,  but  only  water  for 
the  zinc  surface  and  sulphate  of  copper  for  the  copper  surface.  The 
cells,  which  are  quite  large,  are  kept  down  cellar,  and  contained  in  two 
boxes.  The  advantages  of  this  battery  are,  that  on  account  of  no  add 
being  used  the  chemical  action  is  very  feeble,  and  polarization  is  rc- 
dttced  to  a  minimum ;  and  that,  like  the  Cabinet  battery,  on  account 
of  its  steadiness  of  action,  it  is  better  adapted  for  nervous  and  irritable 
patients  than  the  small  batteries. 


366 


APPARATUS  FOR  ELECTRO-THERAPEUTICS. 


good  indeed,  would  appear  to  be  inferior  in  convenience  to  the  Ameri- 
can Cabinet  battery,  previously  described. 


:^s 


I'iC.  94. 

Mayer  &  MelUer's  Portable  Galvano-Faradic  Apparatus. 

The  idea  of  combining  both  currents  in  a  single  apparatus  seems  to 
have  occurred  almost  simultaneously  to  the  electrologists  and  mecha- 
nicians of  Europe  and  America.  The  practical  advantages  of  any 
combination  that  has  yet  been  offered  are  not,  for  portable  use  at  least, 
so  great  as  was  expected.  The  galvanic  current  which  they  give  is  apt 
to  be  too  feeble  for  all  occasions,  and  the  size  of  the  apparatus  is 
much  larger  than  is  needed  for  the  faradic  current  alone. 

This  apparatus  of  Meyer  &  Mehzer  is  provided  with  a  galvanoscope, 
current-selectcr  and  current-reverser.  It  is  so  arranged  that  the  first 
or  the  last  portion  of  the  cells  may  be  used  at  pleasure,  thus  avoiding 
the  disproportionate  use  of  the  first  portion.  Zinc-carbon  cells  are 
used,  and  they  are  raised  and  depressed  as  in  the  American  zinc- 
carbon  batteries. 


CHAPTER  DC 
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The  object  of  localized  electrizMtion  is  to  confine  tht  direct  action  of 
the  current^  so  far  as  possible,  to  some  particular  part  of  the  body. 

This  is  accomplished  by  placing  electrodes  so  that  the  current,  in 
passing  from  one  to  the  other,  shall  chiefly  traverse  only  that  particular 
pari  that  is  to  be  affected. 

Both  currents  may  be  localized  in  this  way,  hence  the  division  of 
localized  electrization  into  localized  faradkation  and  localized  galvani- 
zation. 

The  scientific  use  either  of  localized  galvanitaiion  or  faraditation 
requires  as  accurate  as  possible  preliminary  diagnosis  of  the  disease. 

In  cases  of  doubt  it  is  necessary  to  electrize  in  succession  all  the 
suspected  localities  until  the  results  of  treatment  show  conclusively 
that  we  have  hit  upon  the  seat  of  the  disease.  Accordingly,  in  obsti- 
nate or  doubtful  cases  the  head,  the  cervical  sympathetic,  and  the 
spine,  and  in  some  instances  the  uterus  or  organs  of  the  abdomen,  arc 
to  be  successively  electrized. 

In  the  very  numerous  cases  of  doubt  also,  when  the  locality  of  the 
disease  cannot  be  ascertained,  as  well  as  in  condidous  of  irritation 
where  electrization  of  the  seat  of  the  disease  will  not  be  borne,  peri- 
pheral applications  alone  are  frequently  of  decided  service.  For  peri- 
pheral applications  both  the  galvanic  and  faradic  currents  are  used  ; 
for  central  applications,  chiefly  the  galvanic.  In  some  diseases,  as,  for 
example,  locomotor  ataxia,  in  certain  stages  it  is  better  to  treat  the 
prominent  symptoms,  as,  for  example,  the  ansesthesia,  than  the  seat  of 
the  disease  in  the  spine. 

Instruments  for  Localized  Electrization. — In  localized  electrization 
the  same  galvanic  and  faradic  apparatus  are  used  as  in  general  electri- 
zation. l"or  localized  electrization  in  all  its  modifications  there  are 
needed  a  variety  of  electrodes  of  different  shapes  and  sizes,  to  reach 
the  various  localities  and  accomplish  the  different  indications. 
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Of  the  electrodes  there  arc  three  general  forms :  the  eUctrU  hand ; 
the  metallic  brush ;  solid  mefals  and  metals  covered  with  sponge^ 
flannel^  linen,  or  chamois,  thoroughly  moistened. 

Dry  or  Cutaneous  Faradization. — ^To  accomplish  dry  faradization 
the  portion  of  the  skin  over  which  the  apphcation  is  to  be  made  should 
be  wiped  thoroughly  dry,  or,  what  is  better  still,  sprinkled  with  soxne 
absorbing  powder,  as  the  common  nursery  powder ;  and  llie  applid- 
tion  may  be  made  with  the  dry  hand  of  the  operator,  or  with  metallic 
electrodes. 

In  dry  faradization  with  the  hand  there  is  heard  a  peculiar  crackling 
sound,  which  is  caused  by  the  sparks  that  take  place  as  the  current 
passes  from  different  points  of  the  hand  to  the  skin. 

When  the  dry  hand  is  used,  the  operator  passes  the  current  through 
his  own  person,  one  of  the  electrodes  applied  to  some  near  point  by 
an  assistant,  or  held  in  the  hand  by  the  patient  himself.  Solid  nietaJlic 
electrodes  of  various  shapes  may  be  used  for  dry  electri/alion. 

Dry  electrization  by  the  metallic  brush  with  a  strong  current,  faradic 
or  galvanic,  is  a  very  painful  method  of  application^  and  is  to  be  re- 
sorted to  only  in  those  cases  where  there  is  profound  cutaneous  anaes- 
thesia or  in  neuralgia.  In  all  cases  where  there  is  great  sensitiveoeo 
the  hand  is  to  be  preferred  to  any  form  of  artificial  electrodes. 

Electric  Moxa. — The  so-called  electric  moxa  is  produced  by  usi 
metallic  brush,  plate  or  j^oint,  and  one  moistened  electrode.  The  dry 
electrode  is  rapidly  touched  to  the  surface  where  the  moxa  is  to  be 
made,  while  the  other  is  kept  firmly  applied  to  some  near  and  in- 
different point.  The  surface  of  the  skin  may  previously  be  rubbed 
very  dry,  or  sprinkled  with  some  absorbing  powder. 

The  operation  requires  a  current  of  some  strength,  and  is  exceed- 
ingly painful.  It  is  chiefly  employed  as  a  counter-irritant  in  neuralgia, 
in  which  affection  it  is  frequently  successful.  The  electric  moxa  may 
also  be  produced  by  means  of  two  metallic  brushes,  one  of  which  is 
pressed  on  the  skin. 

Electrization  with  Moistened  Electrodes, — When  it  is  desired  to  ancci 
the  tissues  lying  beneath  the  epidermis,  it  is  better  to  use  electrodes 
covered  with  sponge,  chamois,  or  flannel,  thoroughly  moistened  with 
salt  water  or  ordinary  water.* 

The  size  and  shape  of  the  electrode  employed  must  be  modified  ac- 
cording to  the  situation  and  sensitiveness  of  the  part  where  the  cunrceot 

•  In  faradization  we  never  or  but  rarely  use  salt  in  the  watisr ;  In  ([alvaniattod 
It  is  sometimes  a  great  advatit.igc,  because  it  makes  the  current  more  painfully  fdl, 
■nd  thus  prevents  the  use  of  too  strong  currents. 
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is  to  be  localized,  and  also  by  the  sensitiveness  of  the  patient.  As  a 
rule,  small,  finely-pointed  electrodes  are  required  for  localized  faradi- 
zation of  single  muscles,  larger  electrodes  for  large  muscles,  or  groups 
of  muscles,  and  those  with  the  largest  surface  for  galvanization,  of  the 
sympathetic,  brain  and  spine. 

When  the  current  is  localized  by  means  of  moistened  electrodes,  it 
diffuses  itself  through  the  body  between  the  electrodes  in  various  di- 
rections. The  extent  of  this  diffusion  will  be  variously  modified  by  the 
situation  of  the  electrodes  and  the  structure  and  relation  of  the  parts 
that  lie  between  them  (see  Electro- Physiology).  It  is  manifest  also  that 
the  density  of  the  current,  other  conditions  being  the  same,  will  be  great- 
est near  the  electrode  and  least  at  the  farthest  point  between  them.  The 
strength  of  the  current  being  the  same,  small  electrodes  are  more  painful 
than  those  with  a  broad  surface,  and  metallic  more  than  the  wet  sponge 
or  flannel.  The  least  painful  form  of  artificial  electrode  is  a  soft  sponge, 
with  a  broad  surface,  and  well  moistened. 

Direct  and  Indirect  Electrization. — Two  general  methods  of  localized 
electrization  are  recognized — the  direct  and  the  indirect.  In  direct  elec- 
trization the  application  is  made  over  the  muscle  to  be  excited.  In  in- 
direct electrization  the  application  is  made  to  the  nerve  which  supplies 
the  muscles.  In  the  former  method,  large  electrodes  are  preferred ;  in 
the  latter,  usually  those  which  are  small  and  pointed.  The  faradic  cur- 
rent is  best  indicated  for  direct  electrization,  and  the  galvanic  for  indirect. 

The  points  where  the  motor  nerves  enter  the  muscles  are  called 
"  motor  points."  They  have  been  carefully  demonstrated  and  located 
by  Ziemssen  and  ourselves. 

Definition  of  Terms. — In  stable  applications  both  electrodes  are  kept 
in  a  fixed  position. 

In  labile  applications  one  of  the  electrodes  is  moved  or  glided  over 
the  surface  ;  sometimes  both  of  the  electrodes  are  moved  simultaneously. 

A  current  is  called  continuous  when  it  is  allowed  to  flow  in  one  direc- 
tion without  interruption.  Only  the  galvanic  current  can  b«  continuous, 
since  the  faradic  is  always  in  a  condition  of  interruption. 

A  current  is  called  interrupted  when  it  is  broken  by  removing  one  of 
the  electrodes,  or  by  some  form  of  current-breaker  in  the  electrode,  or 
by  any  method  of  breaking  the  circuit.  The  faradic  current  is  always 
interrupted  by  its  rheotome,  but  it  may  be  still  further  interrupted  by 
removing  one  of  the  electrodes. 

A  current  is  called  uniform  when  it  remains  of  the  same  strength 
during  the  applications  of  the  electrodes. 

A  current  is  called  by  us  increasing,  when  its  strength  is  gradually 
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augmented  during  the  applications.  This  method  possesses  a  great  ad. 
vantage  in  treating  conditions  of  irritation  and  inflammation.  Ii  ma/ 
be  used  with  both  galvanization  and  faradization.  A  much  more  pow- 
erful current  can  be  borne  when  its  strength  is  gradually  incnastd  than 
when  it  is  suddenly  let  on  in  full  force  with  the  first  closure  of  the  cir- 
cuit, as  is  usually  the  custom  with  the  majority  of  electro-theraj)eutists. 
A  current  which  when  suddenly  closed  may  cause  unbearable  pain,  and, 
when  applied  near  the  nerve-centres,  may  induce  dizziness  and  faintness, 
may  oftentimes  be  borne  witliout  discomfort  and  with  positive  advantage 
if  it  is  gradually  increased  from  a  very  mild  current.  With  the  faradic 
current  a  mild  anaesthesia  is  produced.* 

Increasing  currents  are  indicated  in  applications  to  the  brain,  S}inpa- 
thetic,  s[)inal  cord,  the  eye  and  ear,  uretlira,  inflamed  joints,  aod  to  fl 
all  conditions  of  great  irritation  in  any  part  of  the  body.  ■ 

The  faradic  current  (of  Kidder's  apparatus)  may  be  increased  by 
slowl)'  withdrawing  the  metallic  tube.     To  gradually  increase  the  gal- 
vanic current,  a  rheostat  of  some  kind  is  needed.    The  galvanic  current     i 
can  also  be  increased  by  an  arrangement  that  gradually  adds  to  the  quid-  ■ 
ber  of  elements  without  interrupting  the  current,   or  when  a   sponge  ^ 
electrode  is  used,  by  slowly  increasing  the  pressure. 

The  term  voltaic  alUrnativts  is  applied  to    those  applications  in 
which  the  direction  of  the  current  is  reversed  continually,   while  tlie  J 
electrodes  are  kept  firm.     The   current-reverser  is  a  very  convenient 
instrument  for  producing  voltaic  alternatives  (see  p.  360). 

For  electrization  of  muscles,  labile  or  stable  interrupted  currents  are 
preferred.  For  electrization  of  the  head,  spinal  cord,  s}Tnpathetic,  aod 
nerve-tracts  and  plexuses,  stable  continuous  currents  are  indicated,  and 
these  again  may  be  either  uniform  or  increasing.  Labile  or  stable  in- 
temipted  currents  are  best  adapted  to  produce  muscular  contractions, 
and  cause  most  potent  physical  and  mechanical  effects,  while  stable 
continuous  currents,  whether  uniform  or  increasing,  produce  the  strong- 
est electrolytic  or  catalytic  action. 

In  cases  where  the  electro-muscular  contractility  is  not  greatly  ^ 
minished,  it  is  an  advantage  to  use  electrodes  with  a  broad  surface, 
since  thereby  several  motor  points  may  be  influenced  simultaneously, 
together  with  a  considerable  extent  of  muscular  tissue,  and  because 
they  are  less  painful  than  small  electrodes.  In  such  cases  the  faradic 
current  is  preferable. 

When  the  electro-muscular  contractility  is  very  greatly  dimirushcd^  as 

*  S«e  on  artidc  on  Faradic  Anxsthesia,  by  Dr.  A.  Tripier,  of  Paris,  in  Archn«»«f 
Electrology  aod  Neurology,  May,  1874. 
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Itiently  happens  in  paralysis,  contractions  are  best  produced  by 
finely  pointed  electrodes,  applied  at  the  motor  points  of  the  in- 
muscles  ;  yet  even  here  electrodes  of  moderate  size  are  usually 
Such  cases  often  require  the  galvanic  current. 

JMaUs  fif  Appiuations  of  Lccalizfd  EUciritation, 

fixation  of  the  Central  Nervous  System, — It  is  necessary  to  bear 
I  at  the  outset,  that  to  produce  powerful  electrolytic  effects  on 
efacun,  spinal  cord,  and  sympathetic,  the  galvanic  current  is  prefer- 
to  the  faradic,  although  the  faradic  current  certainly  affects  the 
c-ccntres. 

nuation  of  the  Head, — The  head  may  be  electrized  in  a  variety 

,  according  to  the  supposed  seat  of  the  disease.     One  pole  may 

^placed  on  the  forehead  and  the  other  on  the  occiput ;  or  both  poles 

be  placed  over  the  ears,  or  on  the  mastoid  processes.     Another 

bod  which  we  frequently  adopt  is  to  place  the  positive  pole  on  the 

it,  over  the  supposed  organ  of  firmness,  and  the  other  at  the  oc- 

,  or  under  the  chin. 

►  affect  the  base  of  the  brain,  the  electrodes  may  be  placed  on  or 

the  mastoid  processes.      To  confine  the  action  to  one  side  of 

\  brain,  one  electrode  may  be  placed  on  the  forehead,  over  the  eye, 

the  other  on  the  mastoid  process  of  tlie  same  side.    The  patient 

[rhold  one  of  the  poles  m  the  hand.     Still  another  method  less  used 

place  an  electrode  on  each  temple. 

I  diiiincss  is  caused  \i  the  current  is  opened  and  closed  with  the 

Blire  than  with  the  negative  pole.     It  is  well,  therefore,  to  first  apply 

\  negative  pole. 

dizziness  is  caused  when  the  current  flows  through   one  side  of 

kbead,  or  from  the  forehead  to  the  occiput,  than  when  it  is  sent  from 

side  to  the  other,  through  the  mastoid  processes  (see  Electro- 

P-  125)- 

\ltse  of  some  kind  of  a  rheostat^  so  as  to  avoid  interrupting  the  eur- 

'  giving  sudden  "  shceks  "  on  dosing  and  openingy  is  almost  indis- 

Mabh  in  electrizing  the  brain  and  neck.     With  regard  to  the  direction 

'.  current,  it  is  usually  better  to  place  the  negative  pole  nearest  the 

It,  and  the  positive  pole  nearest  the  forehead.     But  this  rule  is  liable 

Imany  exceptions,  and  each  case  must  be  studied  by  itself* 

Kleclrization  of  the  head  produces  flashes  of  light  through  irritation 

of  retina,  and  dizziness,  which  with  many  is  disagreeable.     If  the  ap- 


•  See  remarks  on  polar  effects,  p.  aSl. 
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plication  is  too  long  continued,  headache  and  insonvnia,  and  general] 
malaise^  may  result.      Patients  whom  a  short  application   through  the  j 
head  benefits,  are  sometimes  injured  when  the  stance  is  protracted. 
Galvanization  of  the  head  should  he  made  with  broad  electrodes,  with 
a  stable  current,  which  may  be  either  uniform  or  increasing,  znd  should 
not  exceed  from   one-half  a  minute  or  three-quarters  of  a  minute,  to  ; 
five  or  ten  minutes,  and  with  a  mild  current. 

To  all  these  rules  in  regard  to  the  strength  of  currents  there   are  ex- 
ceptions.    There  are  cases  of  even  very  delicate  patients  tliat  will  bear  ' 
almost  any  amount  of  clcctncity  through  the  head  and  neck. 

Galvanization  of  the  Cenical  Sympathetic. — The  portion  of  the  sym-  , 
pathetic  to  which  galvanization  is  chiefly  directed  for  therapeutical  pur- 
poses is  the  cervical,  although  the  cephalic,   thoracic,  and  abdominal  j 
ganglia  are  miquL-stionably  affected  by  it,  though  not  with  so  specific, 
demonstrable,  and  immediate  results. 

There  are  a  number  of  methods  by  which  the  superior,  middle,  and 
inferior  cervical  ganglia  may  be  demonstrably  affected  by  the  galvanic 
current 


Fio.  9S. 
Galvantzalion  of  the  Cervical  Sympathetic 


1,  Oue  electrode  with  an  oblong  extremity  is  placed  in  tne  auriculo* 
maxillary  fossa,  while  the  other  with  a  larger  surface  is  applied  orcr, 
or  by  the  side  of  the  sixth  and  seventh  cervical  vertebrae  (see  Fig.  95). 

The  second  electrode  may  also  be  applied  at  any  point  along  the 
spine,  from  the  occiput  to  the  coccyx.  It  is  by  tliis  method  that  diplegic 
Contractions  are  usually  produced  with  most  success. 


GALVANIZATION  OF  CERVICAL  SYMPATHETIC. 


373 


J.  The  first  electrode  being  placed  as  before,  in  the  auriculo-maxiUary 
ssa,  the  other,  with  a  surface  of  moderate  diameter,  is  applied  just 
jove  the  manubrium  sterni,  by  the  side  of  the  sterno-cleido-mastoid 
(see  Fig.  96). 


Fig.  9^. 


Galvanization  of  the  Cervical  Sympathetic,  mduding  the  Pneamogastric. 


I  second  electrode  may  also  be  applied  higher  up  in  the  neck,  op 
J  the  middle  cervical  ganglion. 

:  above  are  the  two  methods  which  have  been  most  frequently  em- 
Other  methods  are  the  following. 
The  first  electrode  being  placed  as  before,  the  other  may  be  ap- 
l  on  the  shoulder,  elbow,  or  in  the  hand  of  the  opposite  side,  or  in 
i  axilla. 

Both  sides  may  be  galvanized  simultaneously,  by  placing  an  elec- 
!  over  the  mastoid  processes. 

One  electrode  is  placed  )ust  above  the  manubrium  sterni,  and  the 
r  at  any  point  down  the  spine. 

One  electrode  is  placed  over  the  sixth  and  seventh  cervical  verte- 
,  md  the  other  over  the  brachial  plexus,  at  the  pit  of  the  stomach, 
\  above  the  manubrium  sterni,  in  either  hand,  or  at  the  feet. 
jHfn  all  these  methods  either  direction  of  the  current  may  be  used,  ac- 
^iOrding  as  calming  or  irritating  effects  are  desired  (see  p.  281). 
-Concerning  the  physiological  effects  of  galvanization  of  the  sympa- 
itic  see  Electro- Physiology,  p.  128. 
IppIicatioGS  to  the  sympathetic  should  be  made  from  one  to  ten 
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minutes,  and  with  from  five  to  twenty-five  cells.  Several  methods  may 
be  tried  at  a  single  sitting  in  cases  where  the  applications  are  well 
borne. 

Bearing  in  mind  that  in  all  such  attempts  to  galvanize  the  certical 
sympathetic,  the  pneumogastric  and  spine  must  be  more  or  less  influ- 
enced, the  general  indications  for  the  use  of  this  method  of  treatment 
to  which  experience  would  seem  to  point  are  these : — 

1.  Cerebral  anosmia  and  hyperiemia.  These  conditions  are  associated 
with  and  are  a  part  of  a  large  variety  of  diseases.  Insomnia,  hemiplegia, 
tic  douloureux,  many  diseases  of  the  eye  and  ear,  as  neuro-retinitis,  ner- 
vous deafness  and  tinnitus  aurium,  are  all  more  or  less  associated  with 
cerebral  anreniia,  hyperemia,  and  all  have  been  treated  by  galvanization 
of  the  cervical  sympathetic,  with  more  or  less  success. 

2.  Disorders  of  the  vasomotor  nerves.  Under  this  head  may  be  in- 
cluded some  cases  of  deficient  circulation,  cutaneous  hyperaesthesia,  and 
certain  diseases  of  the  skin. 

3.  Functional  diseases  of  the  digestive  and  genital  apparatus.  Gal- 
vanization of  the  sjnnpathetic  in  these  conditions  seems  to  work,  partly 
at  least,  by  reflex  action,  and  partly,  also,  by  the  influence  which  the 
spinal  cord  and  pneumogastric  receive  during  the  applications. 

It  is  scarcely  necessary  to  remark  that  the  exclusive  use  of  gatvanu 
zafion  of  the  cervical  sympathetic  is  indicate//  only  in  exceptional  cases. 
It  is  to  be  employed  in  connection  or  alternation  with  general  faradisa- 
tion and  galvanization  of  the  brain,  spinal  cord,  and  periphery.  A  note- 
worthy advantage  of  this  method  of  treatment  in  those  cases  for  which 
it  is  of  service  is  the  comparatively  sliort  time  required  for  its  employ- 
ment. 

The  objection  that  galvaniration  of  the  cervical  sympathetic  is  x 
dangerous  procedure  will  be  considered  in  the  chapter  on  central  gal- 
vanization. 

Galvanization  of  the  Spine. — The  spine  maybe  electrized  by  placing 
one  electrode  at  the  occiput,  atid  the  other  at  the  coccyx-  One  of  the 
electrodes  may  be  kept  in  situ,  while  the  other  is  slowly  passed  up  and 
down  the  entire  length  of  the  cord.  Either  pole  may  be  passed  up  and 
down  in  this  way  according  to  the  effect  desired. 

The  current  may  also  be  localized  in  any  part  of  the  spine  that  may 
be  required,  by  giving  the  electrodes  the  proper  position.  The  appli- 
cations may  be  made  with  ten  cells  and  upwards,  and  should  not  usually 
exceed  five  or  ten  minutes.  The  applications  should  be  sensitivcly 
felt,  like  a  gentle  mustard  plaster,  but  should  not  be  excessively  pain- 
ful, like  a  blister. 
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Etectr\%ati<m  of  Plexus es^  Nerves^  and  Muscles. — Plexuses,  nerves, 
and  muscles  are  treated  by  both  currents  (see  chapter  on  differential 
indications  for  the  use  of  the  galvanic  and  faradic  currents). 

One  electrode  may  be  applied  lo  a  plexus  and  the  other  to  one  of  its 
branches,  or  to  a  muscle  or  group  of  muscles.  Both  electrodes  may  be 
applied  to  the  nerve,  or  one  to  the  nerve  and  the  other  to  a  muscle ;  or 
both  may  be  applied  to  a  muscle  or  group  of  muscles.  All  these  appli- 
cations may  be  made  either  with  or  without  regard  to  the  direction  of 
the  current,  and  different  methods  may  be  tried  at  the  same  s<^ance. 

In  all  the  positions  described  in  the  above  cuts,  contractions  should 
be  produced  with  mild  faradic  currents,  when  the  electrodes  are  in  the 
position  represented.  If  very  strong  currents  are  necessary  or  no  con- 
tractions are  possible y  the  muscles  are  in  a  condition  of  disease. 

Peripheral  applications  are  indicated  where  the  disease  is  purely  of  a 
peripheral  character;  the  partly  central  applications  are  indicated  where 
the  disease  is  of  a  central  origin. 

Labile  internipted  applications  are  indicated  where  it  is  desired  to 
produce  mechanical  effects  or  muscular  contractions,  as  in  anaesthesia 
and  paralysis. 

Stable  continuous  applications  are  indicated  where  it  is  desired  to 
produce  electrotonic,  chemical,  or  catalytic  effects,  as  in  neuralgia. 

Benedikt*  makes  the  following  somewhat  over-refined  subdivisions 
of  the  methods  oi  galvanization  of  the  centre  and  periphery  ; 

Spinal-cord  current :  both  poles  are  placed  on  the  spine,  either  near 
together,  or  at  some  distance  from  each  other. 

Spinal-cord-root  current :  one  pole  is  placed  on  the  spine,  and  the 
other  is  passed  up  and  down  by  the  sides  of  the  vertebrae. 

Spinal-cord  plexus  current.-  one  pole  is  placed  on  the  spine,  and  the 
other  on  a  plexus  of  nerves. 

Spinal-cordnerve  current :  one  pole  is  placed  on  the  spine,  and  the 
other  on  a  nerve. 

Spinal-cord-muscle  current:  one  pole  is  placed  on  the  spine  and  the 
other  on  a  muscle. 

Plexus-nerve  current:  one  pole  is  placed  on  a  plexus  of  nerves  and 
the  other  on  a  nerve. 

Nerve-muscle  current :  one  pole  is  placed  on  a  nerve  and  the  other 
on  a  muscle. 

These  currents  may  be  either  stable  or  labilcy  continuous  or  inter- 
rupted^ uniform  or  increasing. 


♦  Op.  dt.,  p.  5fi. 


EFFECTS. 


379 


Effect  of  Current  modified  by  the  Length  of  Application. — The  sensa- 
tions and  the  effects  of  electrical  applications  are  considerably  modified 
by  the  length  of  time  that  the  electrodes  are  kept  in  position.  When  the 
faradic  current  is  first  applied  to  the  skin,  it  causes  a  stinging,  pricking 
sensation,  perceptibly  strongest  at  the  negative  pole  ;  if  the  electrodes 
are  kept  in  position  the  sensation  may  gradually  diminish,  and  the  parts 
will  become  very  slightly  benumljcd.  and  if  now  tlie  strength  of  the  cur- 
rent be  gradually  increased,  little  or  no  additional  pain  is  caused.  If 
the  current  is  at  first  very  strong,  it  cannot  be  borne  long  enough  to  pro- 
duce this  benumbing  effect. 

VVhen  the  galvanic  current  is  first  applied  to  the  skin  it  causes  no 
sensation  or  scarcely  any,  unless  it  be  very  strong  or  is  directed  over  or 
near  a  motor  nerve ;  if  the  electrodes  are  kept  in  position  for  a  few 
seconds,  a  slight  burning  sensation  is  felt  at  both  poles,  but  strongest  at 
the  negative.  This  burning  sensation  increases  quite  rapidly  until  the 
sensation  it  causes  is  like  that  of  a  strong  mustard  plaster,  or  hot  iron,  and 
becomes  unendurable.  The  benumbing  effect  of  the  faradic  current  is 
not  experienced.  The  fact  that  the  galvanic  current  is  but  little  felt  at 
first,  leads  those  physicians  who  have  not  been  accustomed  to  it  to  use 
it  altogether  too  strong.  This  increase  of  the  pain  under  the  galvanic 
current  is  due  to  two  causes — the  moistening  of  the  skin  through  the 
moisture  of  the  electrode,  so  that  it  becomes  a  better  conductor  of  elec- 
tricity, and  the  special  chemical  action  of  the  poles  (see  Electro- Physi- 
ology, p.  192).  This  increased  conductivity  of  the  skin  is  the  partial  if 
not  complete  explanation  of  the  fact  that  the  muscles  contract  under  a 
feebler  current  after  the  electrodes  have  been  some  time  in  one  place.  It 
is  not  impossible,  however,  that  the  nerves  or  muscles  may  be  so  slimu- 
lated  by  the  current  as  to  contract  more  readily  than  before  stimulation. 

The  reverse  proposition,  that  strong  currents  used  for  a  long  time 
enfeeble  the  nerves  and  muscles  so  that  they  respond  less  readily  to  the 
current,  is  certainly  true,  and  is  easy  of  demonstration,  especially  in  cases 
of  facial  paralysis.  For  this  reason,  prolonged  applications  frequently 
do  more  harm  than  good- 

Effects  of  Locaiiicd  Electrization, — Localized  electrization  has  to  a 
limited  extent  the  same  direct  effect  on  die  part  to  which  the  applica- 
tion is  made  that  general  electrization  has  on  the  whole  body.  It  acts 
as  a  locally  stimulating  tonic. 

Improvement  in  Local  Nutrition  the  leading  effect  of  Localized  Elec- 
trization.— The  leading  and  general  effect  of  locaUzed  electrization,  and 
one  which  is  a  complex  result  of  the  various  special  effects,  is  improve 
junt  in  loceU  nutrition . 
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Localized  electrization  of  an  atrophied  or  poorly  nourished  muscle 
causes  that  muscle  to  improve  in  size  and  strength  ;  localized  electriza- 
lion  of  an  atropliied  or  poorly  nourished  organ,  as  the  uterus,  causes  A 
to  increase  in  size  and  improve  in  functional  activity. 

Localized  electrization  of  any  part  of  the  cerebro-spinal  system  im- 
proves the  nutrition  of  that  part,  and  as  a  result  the  whole  body,  ovei 
which  the  cerebro-spinal  system  presides,  may  improve  in  nutrition. 
Thus  localized  may  indirectly  have  some  of  the  same  effects  as  general 
electrization.  Similarly,  also,  as  we  descend  from  the  centre  toward  the 
periphery  electrization  of  any  ner/e  branch  or  plexus  improves  the  nu- 
trition, not  only  of  the  nerve  acted  on,  but  also  of  its  various  branches, 
and  of  the  muscles  and  organs  that  it  supplies. 

M'^hen  the  nutrition  of  an  atrophied  part  is  improved  it  grows  larger ; 
when  the  nutrition  of  a  hypertrophied  part  is  improved  it  grows  smaller. 
The  same  treatment  that  makes  a  flabby  muscle  increase  in  size  causes 
a  goitre  to  diminish  in  size.  These  opposite  effects  of  the  local  use  o! 
electricity,  though  apparently  inconsistent,  are  yet  quite  consistent  (see 
Electro-Physiology,  p.  203  ;  and  Electro-Surgery,  chapter  on  Tumors). 

The  special  effects  of  localized,  unlike  those  of  general  electrization, 
cannot  be  broadly  stated  or  classified,  for  the  obvious  reason  that  they 
must  so  largely  depend  on  the  locality  to  which  the  application  is  maik. 

Although  applications  to  the  central  nervous  system  are  sometimes 
followed  by  mild  and  limited  degrees  of  the  primary,  secondary,  and 
permanent  effects  that  result  from  general  faradization  or  central  gal- 
vanization ;  yet  the  cases  where  the  full  order  of  these  effects  is  so 
marked  and  decided  as  to  be  observed  are  comparatively  unfrequent. 

Applications  to  the  brain  and  sympathetic  system  may  be  followed 
primarily  by  relief  of  pain,  slight  exhilaration,  a  feeling  of  warmth  or 
somnolence ;  secondarily  by  fatigue,  headache,  or  soreness  of  the 
muscles,  or  exacerbation  of  the  morbid  symptoms  ;  and  permanently  by 
improvement  in  sleep,  strength,  and  capacity  for  labor. 

But  this  order  of  effects  from  localized  electrization  is  exceptional,  cvea 
from  applications  made  to  the  head.  More  frequently  the  permanent 
effects  are  experienced  without  the  primary,  or  perhaps  both  the  per- 
manent and  secondary,  and  sometimes  only  the  latter. 

Yet  none  of  these  constitutiona!  effects,  in  whatever  order  they  may 
occur,  are  experienced  to  the  extent  that  is  derived  from  general  fara- 
dization. 

The  agreeable  symptoms  which  are  most  frequently  observed  aftcf 
localized  applications  to  the  nerve-centres  are  disposition  to  slup^  rttiej 
of  headache  or  other  pain,  and  occasionally  slight  exhilaration. 
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Sometimes  the  beneficial  results  of  electrization  of  paralyzed  muscles 
follow  immediately  after  the  application.  The  patient  is  conscious  of 
an  ability  to  use  the  muscles  treated  with  greater  ease  and  freedom. 
This  improvement  may  be  merely  temporary,  or,  as  is  more  frequently 
the  case,  partial  relapses  occur,  leaving  a  certain  amount  of  permanent 
benefit.  Immediate  relief  of  neuralgic  pain,  and  of  the  reverse  con- 
dition, anaesthesia,  may  follow  localized  as  well  as  general  electrization. 
The  temporary  relief  of  the  neuralgia  may  be  complete,  while  that  of 
anaesthesia  is  usually  only  partial  and  limited.  In  both  conditions  the 
evil  symptoms  may  recur,  or  a  certain  amount  of  permanent  benetit 
may  remain. 

Among  the  disagreeable  symptoms  are  dizziness,  heaviness,  oppres- 
sion, headache^  soreness  in  the  muscles,  exhaustion,  and  indefinable  ner- 
vousness. 

These  disagreeable  sjinptoms  are  most  likely  to  result  from  applica- 
tions that  have  been  either  too  severe  or  too  protracted  for  the  con- 
dition of  the  patient ;  and  yet  they  should  by  no  means  excite  alarm, 
since  they  often  accompany  the  most  successful  results.  These  un- 
pleasant symptoms  are  more  likely  to  follow  the  use  of  the  galvanic 
current  than  the  faradic,  especially  when  the  applications  are  protracted. 
The  opinion  that  has  been  expressed  by  certain  writers,  that  the  head  is 
more  likely  to  be  unpleasantly  affected  by  the  faradic  than  the  galvanic 
current,  is  not  sustained  by  experience.  The  phenomena  of  dizziness, 
heaviness,  etc.,  frequently  experienced  after  even  a  very  short  applica- 
tion to  the  head,  are  but  rarely  observed  when  the  faradic  current  of  a 
continuous-coil  apparatus  is  employed,  with  a  large  soft  sponge,  or  the 
hand  of  the  operator. 

Applications  of  localized  electrization  to  individual  muscles  or  groups 
of  muscles  rarely  give  rise  to  any  constitutional  symptoms  whatever, 
unless  the  electrodes  are  placed  on  or  near  the  head. 

The  special  effects  of  localized  electrization  of  special  organs,  as  the 
eye,  car,  lary-nx,  stomach,  liver,  intestines,  uterus,  ovaries,  bladder,  etc., 
will  be  described  in  the  chapters  devoted  to  the  treatment  of  the  diseases 
of  these  organs. 

Absolute  Localization  of  Electricity  impossible. — It  should  be  con- 
sidered  that  exclusive  and  absolute  localization  of  the  effects  of  electriio- 
tion  is  impossible.  The  effects  of  both  currents  extend,  either  directly 
or  by  reflex  action,  to  parts  beyond  the  circuit  This  is  demonstrated,  not 
only  by  physiological  experiments,  but  by  the  observed  facts  of  clinical 
experience.  Thus  it  is  observed,  in  some  irritable  conditions,  that 
galvanization  of  the  spine,  and  even  of  the  extremities,  causes  a  metallic 


CHAPTER  X. 


GENERAL   FARADIZATION. 


The  object  proposed  in  general  faradization  is  to  bring  every  portion 
of  the  body  under  the  influence  of  the  faradic  current ^  so  far  as  is  pos- 
sible, by  external  applications.  This  is  best  accomplished  by  placing 
one  pole  {usually  the  negative)  at  the  feet  or  the  coccyx,  while  the  other 
is  applied  oi>er  the  surface  of  the  body. 

The  faradic  is  the  current  which  is  almost  exclusively  employed  in 
general  electrization,  and,  for  that  reason,  the  directions  and  explana- 
tions given  in  this  section,  with  the  exceptions  that  will  be  noted,  apply 
mainly  and  specially  to  general  faradization.  Since  the  discovery  of 
central  galvanization,  to  be  hereafter  described,  we  have  discarded  the 
terra  general  electrization,  and  substituted  ^^n^x7i\  faradization,  for  the 
reason  that  the  galvanic  current  is  preferably  used  in  the  form  of  cen- 
tral galvanization. 

In  the  majority  of  cases  it  is  more  convenient  and  satisfactory  to 
have  a  sheet  of  copper  at  the  feet.  This  position  is  indeed  the  rule  in 
general  faradization.  The  broad,  callous  soles  of  the  feet  are  but 
slightly  sensitive,  and  will  bear  a  stronger  current  than  any  other  por- 
tion of  the  surface  of  the  body.  But  the  passage  of  electricity  through 
the  ankles  causes  vigorous  contractions  of  the  flexors  and  extensors, 
which,  when  the  current  is  very  strong,  may  be  somewhat  painful.  Ac- 
cordingly, when  the  patient  is  peculiarly  nervous  and  sensitive,  or  when 
a  current  of  unusual  strength  is  to  be  employed,  and  in  all  cases  where 
a  stronger  application  is  desired  than  can  be  borne  through  the  ankles, 
or  when  it  is  desired  to  save  time  or  inconvenience,  it  is  advisable  to 
have  the  patient  sit  on  the  plate,  or  a  sponge  electrode  with  a  broad 
surface  may  be  applied  to  the  coccyx. 

In  general  faradization,  as  in  localized,  the  currents  may  be  stable 
(stationary)  or  labile  (moving),  uniform  or  increasing. 

Increasing  currents  are  adapted  for  certain  important  centres,  as  the 
head|  spine,  cervical  sympathetic,  and  cilio-spinal  and  epigastric  regions. 
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The  advantage  of  this  method  of  application  is  that  it  allows  the  nx 
a  stronger  current  than  will  otherwise  be  borne  ;  the   strength 
current  may  be  so  very  gradually  increased  that   the  increaae 
certain  limits  may  be  almost  imperceptible  to  the  patient.     This 
partly  from  the  fact  that  the  current  has  a  slight  benumbing  or 
effect  (see  Electro-Physiology,  p.  122),  and  partly  fjtxjm  the  fact 
a  gradual  increase  of  the  strength  of  the  current  the  patient  is 
the  shock  that  is  ex^jericnced  when  a  strong  current  is  suddenly 
through  scns.itive  portions  of  the  body. 

Labile  and  infrrrupf^d  currents  are  adapted  for  the  muscles, 
of  the  extremities. 

General  faradization  is  very  far  from  being  so  easy  a  process 
might  appear  from  this  brief  description.  Its  successful  cuipl 
requires,  on  the  part  of  the  operator,  some  mechanical  dexterity, 
familiarity  with  the  instruments  required,  a  complete  knowledge 
electro-therapeutical  anatomy ;  a  personal  acquaintance  with  ibr  K»- 
sations  and  behavior  of  all  portions  of  the  body  under  \hc  different 
electric  currents  ;  close  and  patient  study  of  the  diseases  and  rootf 
conditions  in  which  it  is  indicated,  and  of  their  response  to  faradixniflft. 
There  are  those  who  by  long  practice  are  enabled,  when  necessary,  t» 
readily  manipulate  any  portion  of  the  body  with  either  hand,  while  ihtft 
is  passing  tlirough  them  a  current  so  powerful  as  to  keep  many  of  tl* 
principal  muscles  of  the  anus  in  a  state  of  contraction.  This  qualifio 
tion,  however,  though  convenient,  is  not  indispensable. 

On  the  side  of  the  patient,  success  in  the  use  of  general  bn&^^ 
tion  requires  something  of  the  same  patience  and  perseverance  tW 
are  conceded  to  be  necessary  for  success  in  the  use  of  any  other  &»• 
of  electrical  treatment. 

Nothing  is  more  difficult  than  to  fully  and  accurately  describe  il 
words  an  operation  that  in  its  very  nature  demands  actual  sight  tfi 
experience.  The  true  method  of  learning  the  art  of  general  \ax*&9f 
tion  is  by  repeated  observations  of  its  application  to  the  lixin^ subject, 
by  personal  experience  of  its  sensations  and  results  at  the  bands  rf 
practised  adepts,  and  by  long  and  various  experimenting  on  drr«r>* 
temperament,  and  in  opposite  states  of  disease.  Wc  dull  tmV:^\'..r. 
however,  to  present  the  best  possible  substitute  for  a  course  of  jinviic 
lessons  or  extended  clinical  observation  in  this  department,  by  wii»* 
ing  in  detail  the  practical  questions  that  naturally  present  th'--;ti'.'l^T» 
to  one  who  approaches  the  subject  ab  initio,  and  who  has  no  o|»txf' 
tunity  for  personal  interviews  wiih  tliose  to  whom  the  various  steps  rf 
the  operation  lia>  e  become  already  familiar* 


386 


GENERAL  FARADIZATION, 


In  such  cases  the  sheet  of  copper  may  be  placed  upright  against  a 
pillow,  and  the  feet  of  the  patient  pressed  against  it,  or  an  electrode 
may  be  placed  at  the  coccyx.  Assistance  will  tlien  be  required  to  turn 
the  i)atient  when  the  application  is  made  to  the  back  arid  spine,  but  in 
such  cases  partial  applications  are  frequently  all  that  are  required. 

Infants  and  very  feeble  or  very  timid  children  should  be  held  in  the 
lap  of  the  mother  or  nurse,  while  an  assistant  holds  the  sponge  to  the 
coccyx. 

While  the  application  is  being  made  to  the  lower  limbs  it  is  well  for 
the  patient  to  stand,  in  order  that  the  operator  may  have  access  to  the 
gluteal  regions  and  the  posterior  and  anterior  surface  of  the  thigh. 

Position  of  the  Operator. — While  making  applications  to  the  trunks 
the  operator  may  either  stand  or  sit  by  the  side  of  the  patient,  conve- 
niently near  to  the  table,  on  which  are  placed  the  apparatus,  electrodes, 
sponges,  bowl  of  water,  and  other  appliances  that  may  be  called  for 
during  the  application. 

While  operating  on  patients  taller  than  himself  the  operator  will  find 
it  easier  to  stand,  especially  while  treating  the  head  and  upper  [lortion 
of  the  trunk.  While  treating  short  patients  the  operator  will  find  it 
less  fatiguing  to  sit  in  a  chair.  Most  operators  will  find  it  very  conve- 
nient to  change  their  position  from  a  sitting  to  a  standing  posture,  or 
from  one  side  of  the  patient  to  the  other,  while  making  the  applications 
to  the  various  parts  of  the  trunk. 

Minor  Apparatus. — Electrodes,  sponges,  and  copper  plate. 

The  best  electrode  for  the  pole  that  is  applied  over  the  patient  is  a 
brass  ball  uf  about  one  inch  in  diameter. 

Around  this  brass  ball  should  be  loosely  folded  a  soft  wet  sponge, 
of  about  six  inches  in  diameter.  This  is  found,  by  experience,  to  be 
by  far  the  most  convenient  form  of  artificial  electrode  that  can  be 
devised.  Next  to  the  moistened  hand  of  the  operator  it  is  the  most 
agreeable  to  the  patient  of  any  shape  or  quality  of  electrode.  The 
sponge  can  be  pressed  or  folded  over  the  brass  ball  so  as  to  make  A 
comparatively  small  electrode,  or  its  entire  surface  may  be  applied. 

When  the  operator  allows  the  current  to  pass  through  his  oim 
person,  and  uses  his  hand  as  an  electrode,  holding  the  sponge  and  ball 
in  his  other  hand,  he  can  modify  the  application  to  any  degree  o( 
strength  or  mildness  that  he  may  desire,  by  simply  increasing  or  di- 
minishing the  pressure  of  his  hand  or  fingers  on  the  sponge.  Used  in 
this  way  the  sponge  holding  the  water  acts  like  a  hydro  rheostat  (see 
P-  354)*  When  it  is  necessarj  that  the  application  should  be  particularly 
gentle  and  cautious,  it  is  well  to  rest  1  e  ball  and  sponge  on  the  tabki 


Fig.  104. 


Cbtoal  Faradization — application  to  the  spine.     The  hand  of  the  operator 
en  ike  metallic  tube,  in  a  pobition  to  increase  or  dltoinish  the  current  as  may  be 


id  to  begin  the  treatment  by  first  pressing  one  hand  firmly  over  the 
desired  to  be  affected,  and  with  the  other  lightly  and  delicately 

Inching  the  sponge,  at  first  M'lth  one  finger,  then  with  two,  three,  and 
successively,  and  finally  with  the  whole  hand,  thus  giving  a  very 

■dually  increasing  current.      Raines'    electrode,  which  is  a  sponge 

freied  at  the  back  with  rubber,  is  very  convenient  for  general  farar 

EBtion. 
pit€e  of  copper  plate  is  recommended  for  the  negative  electrode, 

icause  it  is  found  b)  experience  to  be,  on  the  whole,  more  conve- 
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nient  than  any  other  arrangement  that  has  yet  been  suggested.  The 
bowls  of  warm  water,  large  sponges,  etc,  that  have  been  suggested 
are  not  only  much  less  cleanly  and  convenient  than  the  copper  plate, 
but  are  also  much  poorer  conductors.  Metallic  slippers  axe  more 
troublesome  than  the  broad  plate,  though  the'it  appearance,  perhaps 
is  more  ornamental.  It  needs  more  care  to  put  on  the  slippers,  and 
if  the  patient  loses  his  self-control  during  any  stage  of  the  application, 
and  throws  up  his  feet,  it  is  somelhmg  of  a  task  to  hnd  the  slippen 
again  and  accurately  adjust  them. 

In  tlie  use  of  the  copper  plate  these  details  must  not  be  forgotten: 
First,  to  keep  it  well  warmed,  in  cold  weather,  by  a  piece  of  heateil 
soap-stone  beneath  it ;  stcondly.,  to  keep  it  slightly  moistened  with 
warm  water,  in  order  to  improve  the  connection. 

If  only  one  foot  is  applied  to  the  copper  plate,  the  j'am  m  the  ankle, 
during  certain  stages  of  strong  applications,  will  be  unendurable.  In 
mild  applications  it  is  sufficient  to  have  one  foot  on  the  plate.  It  is 
necessaiy  ever  to  bear  in  mind  the  rule,  that  the  pain  of  electrica] 
applications,  other  conditions  being  equal,  is  in  inverse  proportion  to 
the  surface  of  the  electrode.  The  larger  the  surface  of  the  electrode — 
whether  positive  or  negative — the  less  the  pain.  In  this  fact  consists 
the  advantage  of  using  large  sponges. 

In  general  faradi^ation  the  pain  at  tl\e  negative  pole  is  chiefly  fell  at 
the  ankles,  and  somewhat  at  the  toes,  but  not  on  the  bottom  of  the 
feet  The  feeling  of  constriction  in  the  ankles  is  caused  by  the  rapid 
and  violent  contractions  of  the  muscles.  If  only  one  foot  is  applied  to 
the  plate  the  entire  force  of  the  current  must,  of  course,  be  borne  by 
that  foot,  and  furthermore,  the  other  limb  will  receive  no  direct  bcoe& 
from  the  treatment. 

The  trouble  of  removing  the  shoes  and  stockings  may  be  obviated  by 
placing  a  large  sponge  connected  with  tlie  negative  pole  at  the  coccjo, 
or  on  the  thighs. 

Facility^  skill,  and  rsadiness  in  use  of  the  various  methods  tj  MMdSr* 
fyins;  the  strength  and  quality  of  the  eurrent  is  one  very  tmportani 
of  success  in  the  use  of  general  faradization.     A  skilful  oferat&r 
cause  less  discomfort  with  a  strong  current  than  one  who  is  awt 
will  cause  with  a  very  weak  current. 

Details  of  the  Applications  to  the  Different  Parts  of  the  Body. — AJ 
the  various  parts  and  organs  of  the  body  differ  very  widely  in  their  suv 
ceptibility  to  faradization,  and  in  the  effects  which  they  receive  from  it, 
it  becomes  necessary  to  explain  the  modus  operandi  of  the  appUcaiioos 
with  considerable  fulness  of  detail. 


la 


APPLICATION  TO  HEAD  AND  NECK. 


389 


Applicati)ns  to  the  Hccul. — The  head,  especially*  the  forehead,  is,  by 
far,  more  sensitive  lo  tlie  electric  currents  than  any  other  portion  of  the 
surface  of  the  body.  The  two  reasons  for  this  are  sufficiently  obvious. 
The  surfaces  of  bones  are  always  sensitive  to  Xhe/aradic  current,  as  to 
any  other  mechanical  influence  ;  and  the  cranium  is  no  exception  lo 
this  Liw.  Then,  again,  the  fifth  pair  is  an  exceedingly  sensitive  nerve 
in  all  its  ramilications,  and  especially  over  the  forehead. 

There  are  many  cases  that  do  not  bear  even  mild  applications  to  the 
front  and  top  of  the  head,  and  who  seem  to  be  injured  rather  dun 
benefited  by  it.     With  others,  the  effects  are  highly  agreeable. 

In  treating  the  forehead  the  operator  .should  first  press  his  moistened 
hand  firmly  over  the  head,  and  then  making  the  connection  with  his 
other  hand  on  the  sponge  and  brass  ball  of  the  positive  pole,  should 
allow  the  current  to  pass  steadily,  without  interruption,  for  one  or  two 
minutes.  In  Kidder's  faradic  apparatus,  A  B  is  the  best  current  for 
the  forehead.  The  use  of  tlie  hand  as  an  electrode  is  particularly  de- 
sirable in  making  applications  lo  the  forehead. 

Moistening  the  Hair. — The  dry  hair  is  a  non-conductor,  and  there- 
fore it  is  always  necessary  to  U'et  it  freely  before  electrizing  any  portion 
of  the  head  tliat  is  covered  by  it.  It  is  not  usually  desirable  to  com- 
pel  lady  patients  to  pull  down  their  hair,  or  to  thoroughly  moisten  it. 
A  very  important  centre  for  affecting  the  brain  is  the  crown  of  the  head, 
between  the  ears,  over  the  so-called  organ  of  firmness, — the  cranial  cen- 
tre. If  the  hair  at  this  point  be  sufficiently  moistened  to  admit  the  pas- 
sage of  a  mild  current  with  any  convenient  form  of  electrode,  a  peculiar 
and  slightly  painful  sensation  is  experienced. 

In  some  exceptional  cases  of  disease  the  head  will  bear  currents  of 
considerable  strength.  The  back  of  the  head  over  the  cerebellum  will 
usually  bear  quite  strong  applications.  The  current  is  felt  through  the 
ramifications  of  the  occipital  nerves,  giving  rise  oftentimes  to  sensa* 
tionsnot  only  painless,  but  absolutely  agreeable. 

Applications  to  the  Neck  and  Throat. — The  back  part  of  the  head 
and  upper  portion  of  the  spine  will  usually  bear  powerful  applications. 
It  is  an  interesting  and  important  fact  that  very  marked  effects  may  be 
produced  by  general  faradization^  et'en  when  the  applications  are  made 
only  to  the  back  and  sides  of  the  neck. 

X\\e  rea,son  for  this  will  be  clear  when  we  come  to  study  the  electro- 
therapeutical  anatomy  of  the  parts.  From  the  upper  portion  of  the 
spine  and  base  of  the  brain  proceed  the  most  important  and  most  sen- 
sitive nerves  of  the  body — the  pneumogastric,  and  the  brachial  plexus, 
aud  the  phrenic  nerves. 
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Furthermore,  the  sympathetic  or  ganglionic  system  runs  close  bjr  t 
spine,  near  to  the  carotid  artery,  and  maybe  reached  and  affected  dec^j 
trically  by  pressing  firmly  with  the  fingers,  by  the  anterior  border  of  j 
the  slemo-cleido-mastoid  muscle,  at  those  points  where  the  pressure  of  j 
the  carotid  is  most  readily  felt. 


Pic  105. 

Ceneral  Galvano-FaraDIZATION. — Applicalion  to  the  spine  by  a  sponge  holJtf. 
A  double  electrode  is  used,  one  part  of  which  is  connected  with  the  gairanic  Bid 
the  other  with  the  faradic  apparatus.  The  copper  plate  is  also  connected  with 
both  currents.  Gaivano-faradization  we  do  not  now  employ,  but  ihc  cut  fll»' 
trates  perfectly  one  of  the  steps  Ln  general  faradization. 


If  the  sponge  be  pressed  firmly  on  the  cilio-spinal  centre,  over  the 
sixth  and  the  seventh  cervical  vertebrae,  and  moved  sh'ghlly  on  either 
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side  of  the  spine,  while  a  powerful  current  is  passing,  the  electric  influ- 
ence may  be  perceptibly  communicated,  not  only  to  the  spine  but 
also  to  the  larynx  through  the  laryngeal  nerves ;  to  the  stomach 
through  the  pneumogastric ;  to  the  lungs  through  the  phrenic;  to  both 
arms  and  hands  through  the  brachial  plexuses  and  their  branches — in 
shorty  to  the  most  important  nerves  and  organs  of  the  body.  The  syin- 
paliietic  is  also  directly  affected  at  this  point. 

There  is  no  other  single  place  on  the  surface  of  the  body  where  the 
electrical  intluence  can  be  communicated  to  so  many  hn[X)rtant  nerves 
as  at  the  cilio-si)Lnal  centre.  In  order^  however,  to  affect  all  these 
nerves  and  organs  above  mentioned  by  faradization  it  is  necessary  to 
use  a  powerful  current,  and  to  press  the  sponge  very  firmly  against  the 
skin. 

In  very  fleshy  patients  it  is  sometimes  quite  difficult  to  affect  the 
brachial  plexuses  and  their  branches  in  the  arms  and  hands  without 
using  a  stronger  current  than  can  well  be  borne  through  the  feet  and 
ankles  at  the  negative  pole.  This  application,  so  far  from  being  pain- 
ful, is  to  many  positively  agreeable.  The  thrill  which  it  conimunicates 
to  the  nerves  and  vital  organs  is  often  so  delightful  that  the  patient  re- 
quests to  have  the  application  jjrolonged.  In  patients  who  can  bear  it, 
this  application  at  the  cilio-spinal  centre  may  be  varied  by  suddenly 
interrupting  the  current 

This  application  is  a  very  imjx>rlant  factor  in  general  faradization,  and 
will  achieve  decided  tonic  effects  on  the  system,  even  when  no  other 
portion  of  the  body  is  touched  by  the  current.  The  immediate  sensa- 
tions which  it  produces,  however,  are  by  no  means  uniform.  Some  pa- 
tients, through  the  irritation  of  the  laryngeal  nerves,  cough  spasmodi- 
cally, and  even  violently,  under  the  excitation  even  of  a  comparatively 
mild  current ;  with  others,  even  the  most  powerful  currents,  and  the 
firmest  possible  pressure  of  the  sponge,  fail  to  produce  any  such  effect. 
In  ncr\'uus  and  sensitive  patients  this  application  often  causes  a  pecul- 
iar and  decided  sensation  in  the  stomach,  through  the  pneumogastric 
nerve  ;  the  strong  and  vigorous  rarely  experience  any  such  sensation, 
even  under  currents  of  great  power. 

Another  important  locality  in  the  electro-therapeutical  anatomy  of 
the  neck  is  in  the  posterior  triangle,  just  by  the  posterior  border  of  the 
stemo-cleido-mastoid  muscle.  If  the  fingers  of  the  operator,  with  a 
current  of  considerable  strength,  or  the  sponge  with  a  current  compara- 
tively mild,  be  pressed  firmly  on  this  space  until  the  posterior  border 
of  the  scalenus  anticus  is  reached,  the  patient  will  at  once  experience  a 
tingling  or  pricking  sensation  in  the  arm  and  hand  on  that  side,  caused 
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by  the  excitation  of  the  brachial  plexus,  and  in  some  cases  a  thrill  k 
communicated  by  means  of  the  pneumogastric  to  the  stomadi,  and  bf 
tlie  phrenic  nerve  to  the  diaphragm. 

AppUcaiions  to  the  Upper  Extremities, — It  is  not  always  necessaiy 
to  go  to  the  trouble  of  faradi/ing  the  extremities^  but  in  many  cases  it 
is  a  decided  advantage  to  do  so.  In  faradization  over  the  extremities, 
the  sponge,  or  the  hand  of  the  operator,  should  be  passed  thoroughly 
over  the  surface  of  the  hands  and  arms,  and  with  sufficient  force  to  pro- 
duce agreeable  contractions  of  all  the  superficial  muscles.  Except  in 
infants  and  corpulent  females,  contractions  of  the  superficial  muscles 
of  the  arm  are  obtained  with  a  mild  current. 

Applications  to  the  Spine. — Stronger  currents  of  electricity  may  be 
borne  over  the  middle  of  the  spine  than  perhaps  over  any  other  portion 
of  the  body.  There  are  no  very  sensitive  peripheral  nerves  in  the  back, 
and  the  spinal  cord  is  so  thoroughly  protected  by  its  bony  covering  that 
the  currents  are  never  felt  in  it  painfully,  except  when  it  is  greatly  ex- 
hausted or  organically  diseased.  The  nerves  that  issue  from  the  s^\sa^ 
cord  are  more  or  less  affected  by  powerful  applications  to  the  back,  aod 
through  them  the  various  parts  and  organs  which  they  supply  are  con- 
siderably influenced. 

The  best  method  of  electrizing  the  back  is  to  pass  the  sponge  down 
its  entire  length  beneath  the  under-clothing,  in  case  it  is  not  removed, 
from  the  first  cervical  vertebra  to  the  cauda  equina^  carefully  avoiding 
the  prominences  of  the  sca]nila  and  the  ossa  innominata.  Below  the 
inferior  angle  of  the  scajiula  the  sponge  may  be  moved  from  side  to  side 
over  the  region  of  the  kidneys,  liver,  and  spleen. 

If  a  strong  current  be  applied  over  the  lower  portion  of  the  spine, 
between  the  upper  borders  of  the  ossa  innominata,  a  slight  sensation  is 
sometimes,  though  by  no  means  uniformly,  communicated  to  the  rectum 
and  the  male  genital  apparatus,  the  penis  and  the  testicles,  throtlgt 
their  spinal  nerve  supply. 

In  view  of  these  considerations  it  is  manifest  that  in  the  emp/oymmi 
of  general  faradization  particular  attention  should  be  given  to  the  spifu, 
even  at  the  expense  of  nt'^lecting  other  portions  of  the  body. 

That  the  lungs  and  heart  are  less  influenced  by  electrization  than  other 
important  organs,  is  chiefly  accounted  for  by  the  anatomical  slnicture  of 
the  chest.  The  ribs,  with  the  intercostal  muscles  and  ligaments,  form 
an  unyielding  wall  Furthermore,  the  pleura  and  pericardium  arc  not 
closely  adherent  to  the  inner  wall  of  the  chest,  but  lie  loosely  over  the 
lungs  and  heart.  These  organs,  therefore,  are  best  aflfected  electrically 
by  applications  above  the  steraunij  around  the  neck,  and  over  tlic  uppei 
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half  of  the  spine,  whence  the  nerve-supply  of  the  viscera  proceeds,  and 
by  direct  electrizalion  of  the  vagus  in  the  neck. 

Applications  over  the  chest  are,  however,  of  positive  and  permanent 
service,  by  developing  the  thoracic  and  intercostal  muscles,  and  for  this 
reason,  if  for  no  other,  they  should  not  be  neglected.  But  it  shoakl  not 
be  forgotten  that  the  surfaces  of  the  ribs,  like  the  surfaces  of  all  other 
bones,  are  sensitive  to  electrization,  and  that  therefore  the  chest  will 
not  bear  as  severe  applications  as  the  spine,  neck,  or  abdominal  re- 
gions. This  sensitiveness  is,  of  course,  more  in  the  thin  and  nervous 
than  in  the  cor|mIent  and  phlegmatic.  It  is  usually  most  marked  on 
the  inferior  ribs  on  f/ie  right  and  left  side  of  the  body,  over  the  liver 
and  spleen.  The  peculiar  sensitiveness  of  the  ribs  at  these  points  is 
sometimes  erroneously  supposed  to  indicate  disease  of  the  organs  be- 
neath them. 

We  have  stated  above  that  the  anatomical  structure  of  the  chest  ren- 
dered it  difficult  to  send  the  electric  current  through  its  anterior  walls 
to  the  lungs  and  heart.  In  the  abdominal  regions  the  anatomical 
structure  is  directly  reversed,  and  instead  of  an  unyielding  wall,  partly 
composed  of  bones  and  ligaments,  we  have  a  flaccid  skin  lying  loosely 
against  the  peritonaeum  that  covers  the  moist  viscera  beneath.  No 
other  organs  of  the  body  contain  so  large  a  percentage  of  water  as  those 
which  are  situated  in  the  cavity  of  the  abdomen.  It  is  obvious,  there- 
fore, that  when  the  resistance  of  the  epidermis  is  overcome  by  the  mois- 
ture of  the  sponge  or  hand,  and  the  peritonaeum  and  viscera  are  brought 
into  coaptation,  the  current  must  directly  traverse  all  ihe  parts  desired 
to  be  affected. 

To  reach  the  stomach  and  solar  plexus,  place  the  sponge  or  palm  of 
the  hand  below  and  under  tlic  sternum,  and  as  far  back  as  possible. 
This  pressure  brings  the  peritonaeum  and  stomach  into  coaptation,  and 
forces  the  current  to  pass  through  them.  If  >he  under-clothing  be 
simply  slipped  up  without  being  entirely  removed,  the  stomach  and  ab- 
domen can  be  readily  treated. 

The  bowels  may  be  trcafed  either  with  the  labile  or  the  stable  cur- 
rent, and,  in  cases  of  obstinate  constipation,  by  sudden  interruptions  or 
shocks. 

Corpulent  and  piu-sy  patients  usually  bear  much  stronger  currents 
over  the  abdomen  than  the  thin  and  emaciated.  Adipose  tissue  is 
comparatively  a  poor  conductor  of  electricity,  and  it  is  difficult  to  affect 
the  bowels  of  the  \ery  corpulent  through  the  abdominal  walls  by  elec- 
iriitation,  unless  we  employ  firm  pressure  and  currents  of  considerable 
strength.     But  in    the   vast  majority  of  cases  currents  of  moderate 
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Applications  to  the  Lower  Extremities. — UnleaJ 
or  paralysis  of  the  lower  limbs  we  do  not  ali^-ayq 
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allowed  to  again  put  it  on,  both  in  order  to  avoid  unnecessary  ex* 

re  and  to  protect  them  from  the  cold. 
With  female  patients  the  applications  to  the  lower  limbs,  except  in 
,  of  paralysis,  can  be  made  under  the  clothing,  if  the  drawers  be 
Lapped  down,  without  exposure. 


^^* 


V 


Fic,  107. 
Goieral  Faradizatioo. — Application  to  the  Lower  Extremities. 

The  operator,  sitting  by  the  side  of  the  patient,  on  a  low  stool  or 
Wtomin.  should  then  pass  the  sponge  or  the  hand  lightly  down  the 
Mlire  surface  of  both  limbs,  from  the  thighs  to  the  feet,  avoiding,  so 
r  ts  possible,  the  prominences  of  the  bones  at  the  hip,  knee,  and 

The  outer  portion  of  the  thigh,  like  the  back,  is  very  little  sensitive 
to  the  electric  current,  because  its  surface  is  not  supplied  by  very  sen- 
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sitivc  nerves.  The  inner  side  of  the  thigh,  on  the  contrary,  is  supplied 
by  branches  (torn  the  sensitive  anterior  crural  nerve,  and  in  nenroui 
persons  especial!  v  is  very  susceptible  to  electrization.  In  pa&sing  the 
sponge  or  the  ha  ml  down  the  lower  limbs  great  pains  should  be  taken 
to  carefully  gradiuue  the  current  according  to  the  sensitiveness  of  cadi 
locality.  This  precaution  is  more  necessary  in  treating  the  lower  liiubi 
than  the  upper,  because  the  contrasts  in  the  normal  sensitiveness  of  the 
different  parts  of  the  lower  limbs  are  much  greater  than  in  the  arms, 
and  because  any  severe  shocks  suddenly  felt  in  the  legs  sometimes  lluow 
patients  oflF  their  feet. 

/ft  cases  not  complicated  with  paralysis^  Ctmiracttotis  of  the  sufcrfu  ;j: 
muscles  of  the  knccr  limits^  as  of  the  upper  limbs,  can  be  produced  h 
ecmparatively  feeble  and  painless  currents. 

Special  Rules  to  be  Observed  in  the  Employment  of  General  FarO' 
dization. — In  the  employment  of  general  faradization  there  are  certain 
si)ecial  suggestions,  on  the  observance  of  which  the  results  of  the  appli- 
cations will  very  materially  depend. 

1.  The  Strength  of  the  Current  and  Length  of  the  AfplUatiofu — It 
is  better  that  the  first  tentative  applications  shoidd  always  Uo  made  with 
a  gentle  current,  anil,  if  the  patient  be  particularly  sensitive,  it  is  an  ad- 
vantage to  use  the  hand  of  the  operator  instead  of  an  artificial  electrode. 
After  the  patient  has  become  somewhat  accustomed  to  the  treatment, 
the  general  rule  should  be  to  make  the  applications  pleasafif/y  paxnfuL 

Patients  who  have  long  been  accustomed  to  the  treatment — ^whohave 
become,  in  a  certain  sense,  insensible  to  the  strength  of  current  ortfi* 
narily  used— may  Irequenlly  be  benefited  by  very  powerful  currents. 

Usually,  but  not  invariably,  we  may  be  guided  by  the  s^*nsalions  of 
the  patient  ;  but  exceptions  to  this  rule  are  sometime^  very  striking, 
and  should  put  us  on  our  g^iard.  Some  who  feel  no  pain  during  the 
applications  may  on  the  day  following  experience  the  most  disagreeable 
reactive  effects.     (See  p.  285.) 

2.  Thoroughness  of  the  Applications. — General  faradiration  docs  not 
require  that  all  portions  of  the  surface  of  the  body  should  be  touched 
by  the  electrode  at  every  sitting.  In  nervous  and  susceptible  patients 
we  can  approach  the  full  measure  of  the  treatment  only  by  slow  degrees. 
It  is  oftentimes  sufficient  to  make  the  first  application  only  around  the 
neck,  shoulders,  and  on  the  upper  portion  of  the  spine. 

It  is  not  always  necessary  to  make  the  applications  to  alt  portions  ff 
the  surface  of  the  body,  even  in  a  prolonged  course  0/  treatment.  The  gtm- 
eral  tonic  effects  of  this  system  of  treatment  can  undoubtedly  te  euhittti 
without  touching  either  th:  upper  or  lower  extremities,     But^  ^n  Un 
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ManJf  iJ  it  Just  as  undoubtedly  true  that  the  muscular  development 
lA  results  from  long-eontxnued  electrization  of  the  arms  and  legs  reacts 
tt^atly  on  the  whole  system  and  materially  aids  the  treatment. 
The  neck  and  spine  should  be  treated  in  all  cases,  except  during  the 
tst  and  tentative  applications,  or  in  patients  of  very  unusual  suscepti- 
k^     During  menstruation  it  is  usually  better  to  avoid  the  abdomen 
^Klnver  part  of  the  spine,  or  to  suspend  the  treatment  altogether^ 
^^Bf  in  those  cases  where  it  is  desired  to  increase  the  menstrual  Jlow. 
^K^gth  of  the  Applications, — The  duration  of  the  sittings  may  range 
^^gten  fve  and  twenty  five  minutes,  being  modified  by  the  nature  of 
te  constitution,  the  strength  of  the  current  employed,  the  stage  of  the 
treatment,  and  the  results  of  the  previous  applications. 

The  smallest  fraction  of  this  time  should  be  devoted  to  the  head,  the 
bluest  to  the  spine  ;  next  to  the  spine  the  abdomeii  should  receive  the 
kjgcst  sl)are  of  attention. 

I.  An  average  application  of  say  15  minutes  may  be  thus  appor- 
tioned: 


To  the  head i 

•*      seek,  sympathetic  and  cervical  spine 4 

"      back 3 

••      abdomen 3 

••      upper  and  lower  extremities ,  4 


minute, 
minutes. 


I  compared  with  the  time  required  in  localized  faradization  and  cen- 
I  galvanization,  general  faradization  has  not  the  great  disadvantage 
)^kat  been  supposed.     Nearly  all  the  ordinary  peripheral  applications 

■ctricity  for  paralysis  require  as  much  time  as  general  faradization. 

puguency  of  the  Applications. — The  applications  of  general  faradi- 

^lion  may  be  repeated  daily,  every  other  day,  once  or  twice  a  week,  or 

ill  longer  intervals.     Every  other  day  is  about  as  often  as  is  neces- 

^to  secure  the  full  tonic  results  of  the  treatment ;  but  patients  who 

>  situated  that  they  can  take  the  treatment  but  a  short  time  may 

»e  an  application  daily,  provided  they  are  not  in  a  condition  of  un- 

1  debility,  or  are  not  more  than  ordinarily  susceptible  to  the  cnrrent. 

^ttic  very  nervous  and  susceptible,  and  especially  for  those  who  com- 

I  of  the  secondary  or  reactive  effects,  it  is  often  necessary  to  give 

lis  of  several  days,  at  least  until  the  permanent  tonic  etfects  begin 

fe developed  (see  p.  258). 

^sistence  in  the  Treatment, — For  the  majority  of  cases,  the  treat- 

I  by  general  faradization,  in  order  to  secure  its  full  results,  must  be 

The  reasons  why  this  perseverance  is  demanded  are  quite 
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obvious.  In  theJStff  place,  most  of  the  diseases  and  morbid  coodiaoH 
for  which  general  faradization  is  indicated  are  excecdinglj  chroaic  n 
their  character.  It  is  necessary  ever  to  keep  in  niind  the  emphibc 
words  of  the  great  Trousseau,  *•  Chronic  diseases  demand  chronic  trett- 
rocnt^"  whatever  may  be  the  method  employed. 

Secondly y  Tonic  remedies  of  all  kind^  external  and  internal,  are  al- 
ways more  or  less  slow  in  their  action. 

WTiile  great  and  beneficial  effects  are  often  derived  from  two  or  three 
applications,  a  complete  or  approximate  cure  of  long-standing  movbad 
conditions,  such  as  dys[)epsia,  hypochondriasis,  nervous  exhaustioo, 
hysteria,  paralysis,  can  only  be  achieved  by  persistent  treatment,  vaiy 
ing  the  strength  of  the  current  and  frequency  of  the  application?  ac- 
cording to  the  progress  which  is  made. 

The  length  of  time  over  which  the  treatment  should  be  extender,  nuj 
range  from  one  week  to  several  months,  with  longer  or  shorter  intenili, 
according  to  circumstances. 

Comparing  the  history  of  all  our  cases,  we  find  that  the  average  Dim- 
bcr  of  applications  administered  to  each  successful  case  is  about  15-25, 
and  the  length  of  time  over  which  the  treatment  was  extended  4-* 
■weeks. 

The  Use  of  the  moistened  Hand  as  an  Electrode  to  th^  Ifead  and  Sat- 
sitive  Parts. — The  advantages  which  the  moistened  hand  sometiniet 
possesses  ever  the  sponge  in  general  faradization  are  the  followirg: 

I.  In  certain  eases  it  is  more  agreeable  to  the  pati^nL  It  is  but  a 
tniism  to  assert  that  no  form  of  electrode  that  human  skill  shall  ctrx 
devise  can  ever  compare  with  the  hand  in  flexibility  and  power  of  ad^ 
tation.  Its  sliape,  its  flexibility,  the  number  and  arrangement  of  lh< 
fingers,  and  the  vast  and  delicate  combinations  of  movement  of  wbidl 
they  are  so  readily  ca|>able — all  these  £imiliar  and  wonderfiil  chamrtCT- 
istics  of  the  hand,  united  to  the  peculiar  softness  of  the  skin,  and  the 
lightness  with  which  it  can  touch,  or  press,  or  handle,  render  it  saperioc 
for  the  nicer  processes  of  general  faradization  to  any  artificial  axraage- 
tnents  of  which  the  genius  of  man  could  conceive. 

For  applications  to  the  head  and  sides  of  the  neck,  the  brachial  p]ex> 
us  and  (Mt  of  the  stomachy  the  tise  of*  the  hand  electrode  is  a  vny 
g^ai  convenience  ;  and  we  sometirDes  meet  with  patients  who  are  » 
tfCnsiuve  atkd  so  fcarf\U  that  they  will  not  endure  even  the  softest  spoi^ 
on  any  iKNtioo  of  the  body,  or  at  any  stage  of  the  treatmenL  To  ir 
|)ly  a  n^  &nidk  coneot  to  the  focehead  and  crown  of  the  head.  vtlB 
the  softest  spoc^  and  Utig^cst  posdhle  sufux:,  is  at  best  an  iiiiptiamrt 
pcocess  for  a  strong  iitt»  IB  petfect  hoall^  aad  for  the  ddicate  iimtt 
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"Soften  unendurable  ;  but  wJien  tti^  liana  or  tlie  operator  is  made  an 
electrode,  the  operation  of  faradizing  the  most  sensitive  portions  of  the 
head  may  be  made  not  only  tolerable,  but  positively  agreeable.  Except 
in  cases  of  severe  local  disease  or  unusual  debility,  the  sponge  can  be 
borne  down  the  spine,  over  the  abdomen  and  extremities,  and  down  the 
lower  extremities  without  great  dilTiculty. 

2.  li  keeps  the  optralor  continually  informed  of  the  strength  of  the 
current^  and  thus  enables  him  to  carefully  graduate  it,  according  to  the 
sensitiveness  of  each  locality. 

As  the  current  passes  through  his  own  person,  the  operator  can  judge 
by  his  own  sensations  whether  it  is  too  strong  or  too  weak,  and  by  in- 
creasing or  diminishing  the  grasp  of  his  other  hand  on  the  sponge,  can 
modify  the  strength  of  the  application  without  disturbing  his  apparatus. 
The  wet  sponge  on  which  he  presses  with  the  other  hand,  acts,  as  we 
have  seen,  like  a  hydro-rheostat. 

The  use  of  the  hand  as  an  electrode  enables  the  operator  to  instantly 
modify  the  applications  in  any  of  the  various  degrees  of  weakness  and 
strength,  and  also  to  suspend  the  passage  of  the  current  instantaneously 
•without  shock  or  violence.  When  the  sponge  is  used  we  must  continually 
question  the  patient,  or  watch  his  expression  and  movements,  in  order  to 
judge  whether  the  current  is  of  proper  strength. 

That  most,  if  not  all,  of  the  tonic  effects  of  general  faradization  can 
be  obtained  in  perhaps  the  majority  of  patients  by  the  use  of  the 
sponge,  there  can,  we  think,  be  no  question ;  but  the  use  of  the  hand 
of  the  operator,  according  to  the  principles  above  indicated,  enables  us 
to  achieve  these  results,  and  with  less  discomfort  to  the  patient,  in  those 
peculiarly  sensitive  cases  where  the  arti6cial  electrode  could  not  be 
borne  at  all.  Very  many  of  our  patients  we  treat  only  with  artificial 
electrodes. 

To  sum  up,  in  a  word^  it  is  a  convenience  and  oftentimes  a  positive 
assistance  for  the  operator  to  be  able  and  willing  to  use  his  hand  in  ap- 
plications to  sensitive  parts  and  nen'ous patients^  but  for  the  majority  of 
cases  it  is  sufficient  to  use  a  large  soft  sponge. 

Effects  of  the  Current  on  the  Operator. — The  question  now  arises. 
What  effect  must  the  operator  experience  from  the  repeated  passage  of 
the  electric  currents  through  his  own  person  ? 

It  should  be  understood,  at  the  outset,  that  the  current  does  not 
directly  affect  the  whole  person  of  the  operator,  nor  indeed  any  of  the 
prominent  organs,  and  that  only  the  faradic  current  is  used  in  this  way. 
The  current  passes  from  hand  to  hand,  through  the  arms  and  shoulders, 
and  does  not  reach  or  directly  influence  the  brain  or  any  of  the  organs 
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of  the  chest  or  of  the  abdomen.  The  eflfects  of  thus  using  the  current 
on  the  nutrition  of  the  muscles  of  the  arm  have  already  been  coasidex- 
ed  (see  Electro- Physiolog)',  p.  205). 

Those  physicians  whose  temperaments  do  not  tolerate  elcclricii/, 
would  do  well  to  avoid  passing   the  current   through   their  own  per- 
sons   in   this   way.      Those,    however,   and   they   constitute    the  mi* 
jority,  who  are  more  or  less  benefited  by  the  use  of  electricity,  in  thii  I 
way,  need  never  fear  any  evil  effects.     If  they  treat  a  very  large  num* 
ber  of  patients  a  day  by  general  faradization,  using  the  hand  as  an  dec- 
trode  a  considerable  portion  of  the  time,  and  with  strong  currents,  they  1 
will  be  much  more  wearied  at  night  than  if  they  used  the  sponge  chiefly  ! 
or  exclusively.      This  method  of  general  faradization  has  been  and  tJ 
now  used  by  hundreds  of  physicians,  and  we  have  never  heard  of  any 
serious  eflects  in  any  instance.     The  few  whose  temperaments  contn* 
indicate  electricity  soon  abandon  the  use  of  the  hand  as  an  electrode,  J 
since  they  find  that  it  is  a  luxury  and  not  a  necessity.    The  niajority  01- 
perience  either  negative  or  beneficial  effects,  and  arrive    at   that  stale  \ 
where  it  is  a  matter  of  indifference  whether  they  use    the   hand  or 
sponge. 

Special  Efftcts  of  General  Faradization. — The  general  cftecls  01 
electricity  on  the  system  have  already  been  considered  (p.  300).  We  hav« 
here  to  speak  only  of  those  that  are  peculiar  to  or  most  marked  under 
general  faradization. 

The  effects  of  general  faradisation  may  be  subdivided    into  tkrtt  \ 
classes : 

1.  Those  which  are  experienced  during  or  immediately  after  treat. 
ment. — Primary  or  stimulating  effects, 

2.  Those  which  are  experienced  one  or  two  days  subsequent  to  the 
treatment. — Secondary  or  reacti'i'e  effects. 

3.  Those  whicli  remain  in  the  system  as  a  permanent  result  of  treat 
ment. — Permanent  or  tonic  effects. 

Many  patients,  perhaps  the  niajorit}',  experience  after  each  siaiutt 
feeling  of  enlivenment  and  exhilaration  that  often  lasts  for  several 
hours.  With  some  this  feeling  of  exhilaration  is  very  positive  and  de- 
cided ;  with  others  it  is  but  just  perceptible.  Others,  again,  experi- 
ence a  disposition  to  sleep  after  treatment,  quite  similar  to  that  which  is 
felt  after  a  bath  in  the  surf. 

Relief  of  pain  and  local  or  general  weariness  is  a  very  frequent  U 
well  as  very  agreeable  temporary  effect  of  general  faradization, 
one  which,  more  perhaps  than  any  other,  tends  to  inspire  the  doo 
ing    patient  with  confidence  in  the  efficacy  of  this  method  of  ticaS' 


EFFECTS  ON  PULSE  AND  TEMPERATURE. 


401 


ment.  Patients  who  suffer  from  indefinable  nervous  pains  ii,  the  head, 
back,  side,  and  stomach,  or  from  weakness  in  the  limbs,  freqjently  ap- 
preciate relief  even  in  the  midst  of  the  application.  This  relief  usually 
lasts  for  several  hours,  and  in  some  cases  may  become  pennanent. 

All  the  disagreeable  symptoms  that  sometimes  arise  from  an  ap- 
I  plication,  as  headache^  malaise,  chilliness^  vertigo,  /ain/ness,  and  cold 
[  perspiration  (see  pp.  284-287),  like  similar  effects  from  injudicious  use 
of  other  tonics,  physical  exercise,  the  shower-bath,  etc.,  are  not  usually 
of  any  permanency  whatever.  Indeed,  they  are  entirely  consistent  with 
permanently  good  results ;  but  they  are  apt  to  annoy  and  alarm  the 
patient,  and  for  that  reason,  if  for  no  other,  they  should  be  avoided. 

Effect  on  Tem/erature.—The  temperature  may  be  inmiediately 
influenced  by  general  faradization. 

Its  effect  on  the  circulation  seems  to  be  that  of  an  equaliser.  Pa- 
tients afflicted  with  nervous  diseases  are  apt  to  suffer  from  cold  feet  and 
hands,  and  from  creeping  chills  over  the  body.  The  equalizing,  warm- 
ing effect  of  general  faradization  on  such  patients  is  most  decided  and 
agreeable,  and  is  so  positively  realized,  even  in  the  midst  of  the  seance, 
that  neither  the  bare  feet  nor  the  exposed  trunk  suffer  from  the  cold, 
provided  the  air  of  the  operating-room  is  of  even  a  moderate  tempera- 
ttire. 

Effect  on  Pulse. — The  effects  of  general  faradization  on  the  pulse  arc 
quite  interesting  and  suggestive. 

In  a  large  nmnber  of  cases  we  have  carefully  counted  the  pulse,  and 
also  observed  its  quality  just  before  and  just  after  the  treatment.  The 
results  of  some  of  these  observations  are  presented  below : — 
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On  account  of  the  recognized  susceptibility  of  the  pulse,  especially 
of  nervous  invalids,   to  the  influence  of  mental  impression,  we  have 
found  it  necessary,  in  order  to  avoid  eaor,  to  make  repeated  examina 
cioQS  before  and  after  the  sitting. 
26 
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The  condusion,  from  our  very  large  number  of  obsen'adons  tn  i 
to  the  infliteoce  of  general  faradization  on  the  pulse  in  chronic  i 
is  that  of  a  corrective. 

When  the  pulse  is  high  it  depresses  it  more  or  less,  and 
proportion  to  the  degree  of  the  exaltation  above  the  normal 
When  it  is  low  it  raises  it  more  or  less,  and  usually  in  proportion  I 
degree  of  the  depression  below  the  nonnal  standard.     In  nen-oxit^ 
excitable  patients,  the  effect  of  general  faradization  on  the  pulse  is  i 
more  marked  than  in  the  cold  and  phlegmatic.     An  application  i 
much  too  strong  may  greatly  excite  the  pulse. 

Special  and  Exceptional  Effects, — The  immediate  effect  oo  t 
petite  is,  in  rare  instances,  so  marked  that  the  i)atient  at  once  \ 
desire  for  food,  and  at  the  next  meal  eats  a  much  larger  quanti^l 
with  far  keener  relish  than  usual. 

Sensitive  patients  are   now  and  then  compelled  to  evacuate 
bladder  or  rectum  immediately  after  or  even  in  the  midst  of  the  i 
cation,  and  the  urinary  secretion  is  occasionally  increased, 
these  effects  of  general  faradization  on  the  functions  of  special 
are  incidental  and  occasional,  and  are  not  to  be  expected  with  i 
unifonnity  or  constancy. 

Secondary  or  Reactive  Effects. — The  secondary  or  reactive  effects  rf^ 
general  faradization  are  those  which  are  experienced  for  a  day  *r| 
following  an  application.     These  effects  are  probably  not  ob* 
more  than  half  of  the  cases,  and  usually  only  at  the  outset  of  die  I 
ment.     Most  of  these  secondary  or  reactive  effects  have  already  1 
considered  (see  p.  286). 

Soreness  in  the  muscles  of  tiie  neck,  tnmk,  and  upper  extremiti 
unquestionably  the  most  frequent  of  the  secondary  s^nnptonu  of  | 
eral  faradization,  and  tlie  one  which  patients  are  soonest  to  observe  I 
describe.  It  is  the  result  of  the  muscular  contractions  that  arc  jrt"'^ 
duced  by  the  electric  current.  They  usually  pass  off  in  two  or  three 
days,  and  are  scarcely  observed  at  all  after  the  patient  has  once  b^ 
come  accustomed  to  the  treatment.  By  making  the  drst  icntaiive  jp- 
plications  gentle  and  short,  it  is  possible  to  avoid  entirely  this  sub'*' 
quent  muscular  soreness,  and  in  very  feeble  or  very  tiiaid  paiicDtsfl 
should  always  endeavor  to  do  so. 

Indefinable  neri'ousness  is  another  occasional  secondary  effect,  •ado* 
that  often  gives  rise  to  idle  and  unnecessary  alarm.     Like  the  sorcaflf 
of  the  muscles,  it  usually  passes  off  in  a  day  or  two,  and  is  not  ( 
experienced  after  tlie  patient  has  become  accustomed  to  the  1 

Weariness  and  exhaustion  may  be  experienced  by  this  class  ( 
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tients  foi  several  days  after  an  injudicious  application.  It  is  a  very 
interesting  and  important  fact,  that  these  annoying  secondary  symptoms 
of  weariness  and  exhaustion  are  oftentimes  experienced  to  their  fullest 
extent  by  patients  on  whom  the  immediate  effects  for  a  few  hours  suc- 
ceeding the  application  are  only  agreeable.  On  account  of  this  fact, 
the  inexperienced  electro-therapeutist  may  be  unpleasantly  deceived, 
and  from  the  temporary  enlivenment  of  his  patient  may  suppose  that 
his  application  has  been  thoroughly  successful,  until  the  distressing 
secondary  effects,  continuing  perhaps  for  several  days,  show  most 
clearly  that  it  has  been  citlier  too  strong  or  too  protracted. 

Permanent  or  Tonic  Effects. — To  designate  any  precise  time  or  stage 
of  the  treatment  when  these  tonic  effects  are  to  be  looked  for,  is 
manifestly  impossible.  Like  the  tonic  effects  of  other  analogous  in- 
ternal or  external  remedies,  the  time  of  their  appearance  must  be 
variously  modified  by  the  nature  of  the  disease,  the  constitution  of  the 
patient,  and  the  skill  and  perseverance  of  the  treatment.  They  may 
appear  early  in  the  treatment,  developing  themselves  with  great 
rapidity  ;  or  they  may  remain  latent  until  after  the  applications  are 
abandoned,  and  then  advance  with  sure  and  steady  progress.  They 
may  be  so  rapidly  manifested  at  the  commencement  of  the  treatment 
as  to  cause  us  to  suspect  them  to  be  more  the  result  of  mental  im- 
pression than  of  the  applications ;  and,  on  the  other  hand,  they  may 
develop  themselves  so  long  after  the  treatment  as  to  suggest  the  doubt 
whether  they  are  not  as  much  due  to  nature  and  time  as  to  the  direct 
electric  influence. 

Among  these  tonic  effects  of  general  faradization,  those  which  chiefly 
attract  the  attention  and  arc  of  the  principal  importance  are  the  following! 

Improvement  in  the  S/ee/.—This  symptom  comes  Jirst  m  our  analysis 
of  the  permanent  effects  of  general  faradization,  because  it  is  one  of 
the  first  to  be  appreciated  and  observed  by  the  patient.  As  insomnia 
is  the  most  constant  and  universal  svmptom  of  those  various  nervous 
conditions  for  which  general  faradization  is  indicated,  just  so  is  its  relief 
or  cure  the  first  and  leading  evidence  that  the  treatment  is  having  its 
desired  effect.  As  already  mentioned,  inclination  to  sleep  is  one  of  the 
immediate  symptoms  of  the  applications,  and  may  come  on  even  in  the 
midst  of  the  seance  ;  but  the  improvement  in  the  sleep  of  which  we 
here  speak,  as  a  permanent  effect,  is  appreciated  during  the  intervals  of 
treatment,  and  long  after  it  has  been  suspended. 

Increase  of  Appetite  and  Improvement  in  Digestion. — Increase  of 
apl>etite  and  improvement  in  the  digestion  is  not  so  early  nor  as  coO' 
slant  a  symptom  as  improvement  in  the  sleep. 
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It  is  by  no  means  a  constant  or  uniform  effect,  even  in  those  casei 
where  it  would  seem  to  be  needed,  and  where,  too,  in  all  other  respect%| 
great  and  lasting  benefit  is  derived  from  the  treatment.      Some  | 
who  are  permanently  relieved  of  neuralgia,  of  insomnia,  and  of  muscoh 
and  nervous  debility,  yet  observe  no  decided  improvement  in  tbc 
digestion.     Such  cases,  however,  are  quite  exceptional. 

Regulation  of  the  Bowels. — Constipation  sometimes  yields  very  eaiiy 
in  the  treatment  The  temporary  effect  is  probably  due,  in  many 
instances  certainly,  to  the  direct  mechanical  action  of  the  curr^aiL  «| , 
the  intestines;  but  pennanent  rehef,  either  of  constipation  ot. 
diarrhoea  of  the  nervous  variety,  is  not  to  be  expected  until  the  iinli^^e 
and  general  debility  on  which  tlicy  depend  have  first  been  coxj^ecled. 

Improvement  in  the  Circulation, — Permanent  equalizatioA  Of 
circulation  is  most  observed  in  cases  of  dyspepsia,  ner>'OUR  <s-l 
haustion,  hysteria,  and  similar  conditions  with  which  defective  cirailir  j 
tion  is  so  frequently  associated  It  is  then  the  result  of  the  improve  I 
ment  in  the  assimilative  power  and  nutrition  of  the  system. 

Relief  of  Nervousness   and  Mental  Depression. — The    indefioite^l 
though  very  well  recognized    condition  which,  we  term  nervousn«$%| 
and   the   indefinable   mental  agony  that  fonns_sp  prominent  and . si 
distressing  a  symptom  in  hysteria,  dyspepsia,  exhaustiqp,   and  otiiC(| 
nervous  conditions,  sometimes  yield  to  general  faradization  quite 
in  the  treatment. 

Increase  in  the  Size  and  Hardness  of  the  Muscles ^  and  in  tht  fl^eigk\ 
of  the  Body. — This  is  a  natural  result  and  accompaniment  of  the  MBL- 
provement  in  nutrition,  and  that  it  follows  the  use  of  the  faradic  as  well 
as  of  the  galvanic  current,  sufficiently  demonstrates  that  power  gTti 
nutrition  is  not  confined  to  the  latter. 

Under  the  influence  of  protracted  treatment  by  general  faradization, 
the  muscles  are  sometimes  developed  in  size  as  well  as  in  fimwics*  to 
a  degree  which  very  naturally  astonishes  those  who,  for  the  first  tifflc, 
have  their  attention  directed  to  it  Tliis  increase  in  size  and  quality  of 
the  muscles  is,  of  course,  chiefly  observed  in  those  portions  of  the 
surface  of  the  body  where,  under  the  influence  of  faradization,  ocm- 
tractions  are  most  easily  produced.  Therefore  we  first  look  for  this 
effect  in  the  anns,  the  legs,  and  afterwards  in  the  chesL  This  effect  is 
soonest  observed  in  patients  who  are  comparatively  thin,  or  at  lc**t, 
whose  muscular  tissue  predominates  over  the  adipose.  On  the  other  j 
hand,  and  for  obvious  reasons,  it  is  not  so  perceptible  in  fen>3!r«s  ^^ 
in  the  very  corpulent  of  either  sex. 

Under  general  faradization  actual  increase  in  the  size  and  wei^At  ^ 


RATIONALE  OF  THE  EFFECTS. 


405 


the  body  sometimes  takes  place  so  rapidly  and  perceptibly  to  the  eye 
that  it  need  not  be  confirmed  by  reference  to  the  scales.  In  othei 
cases,  where  patients,  cither  through  curiosity  or  accident,  have  care- 
fully weighed  themselves  just  before  taking  a  course  of  treatment,  a 
most  remarkable  increase  of  weight  has  often  been  observed  in  the 
course  even  of  a  few  weeks. 

The  increase  of  weight  is  simply  a  result  of  the  effect  of  the 
electric  currents  on  nutrition,  and  a  natural  sequence  of  the  improve- 
ment in  the  sleep,  the  increase  of  appetite,  and  the  relief  of  pain  and 
mental  depression  of  which  we  have  already  spoken. 

Incrtasfd  Disposition  and  Capacity  for  Labor  of  the  Afusclcs  and  oj 
the  Bratn. — Whatever  tends,  directly  or  indirectly,  to  improve  nutrition 
must  of  necessity  increase  the  capacity  for  intellectual  and  muscular 
toil.  Accordingly  we  find  that  patients  who  were  so  feeble  that  even  a 
short  walk  or  ride  was  fatiguing,  and  who  were  signally  deficient  both 
in  the  will  and  the  capacity  for  exertion,  soon  begin  to  develop,  under 
treatment,  an  activity  and  vigor  that  is  sometimes  surprising.  They 
can  walk  farther  and  more  vigorously,  and  with  greater  enjo)'menL 
They  realize  a  consciousness  of  strength  to  which  before  they  were 
strangers,  and  feel  emboldened  to  exertion  from  which  they  would  for- 
merly have  shrunk  with  apprehension. 

Concerning  these  permanent  tonic  effects  it  is  to  be  observed  : — 

1.  They  are  not  uniform.  They  vary  not  only  with  different  individ- 
uals and  diseases,  but  also  with  the  same  individual  at  different  periods 
of  life. 

2.  JTtgy  are  more  rapidly  appreciated  by  the  active  and  the  nervotts 
than  by  the  cold  and  phlegmatic.  Other  conditions  being  the  same,  a 
sensitive,  impressible  organization  will  recover  more  rapidly  under  gen- 
eral faradization  than  one  of  an  opposite  temperament. 

3.  They  are  frequently  not  experienced  until  long  after  the  treat- 
ment is  abandoned.  These  after  effects  of  general  faradization  are 
worthy  of  the  highest  attention.  The  possibility  that  they  may  occur 
is  a  constant  encouragement  in  the  treatment  of  all  slow  and  obstinate 
cases. 

4-  They  are  usually  as  lasting  and  permanent  as  similar  effects  from 
other  remedies  and  systems  of  treatment.  It  is  true  that  patients  who 
have  been  apparently  cured  by  general  faradization  are  subject  to  re- 
llpses,  yet  to  no  greater  and  apparently  to  a  less  extent  than  those  who 
have  derived  similar  relief  from  internal  medication.  In  considering 
thii'  statetnent,  regard  should  be  bad  to  the  fact  that  the  diseases  for 
which  general  faradization  is  chiefly  indicated,  at  least  those  in  which  it 


4o6 


GENERAL  FARADIZATION. 


has  thus  far  been  most  successful,  are  just  the  diseases  which  are  moAj 
likely  to  relapse  under  any  or  all  forms  of  treatment. 

RationaU  oj  the  Effects  of  General  Faradization, — It  has  becnl 
of  general  faradization  that  it  is  not  physiological ;  but  they  who  niiel 
this  objection  do  not  well  consider  what  they  say.  Of  the  various  racll 
of  electrization  oone  can  bo  better  explained  on  a  physiological 
than  can  this.  General  faradization  is  to  the  whole  body  what  localized] 
faradization  is  to  an  individual  part  or  organ.  All  the  physical,  rocj 
chanical,  chemical  and  physiological  effects,  with  the  consequent 
crease  of  the  processes  of  waste  and  repair  and  improvement  in  nutri-l 
lion  that  electrization  is  capable  of  producing  in  the  li\nng  tissues  (see  J 
Electro-Physiology,  p.  i88)  and  which,  in  exclusively  localised  app(ici-| 
tions,  are  mainly  confined  to  the  part  which  is  traversed  by  the  current,! 
are  m  general  applications  appreciated  by  ever}'  part  of  the  systcoi.  | 
Then,  again,  the  improvement  which  each  part  or  organ  recei%'es  frool 
the  treatment  reacts  upon  every  other  part  and  organ.  Every  ciFect  \ 
becomes  in  its  turn  a  cause  ;  the  strengthened  bram  sends  more  ncrvooj  , 
force  to  the  stomach,  by  which  the  latter  is  enabled  to  send  better  blood  | 
to  the  brain. 

Comparing  what  is  known  of  the  conductibility  of  the  tissues  (sec  j 
p.  iSo),  and  the  action  of  the  electric  currents  upon  them,  with  the  ol>- j 
served  effects  of  general  faradization,  these  effects  may  be  regarded  as  ( 
due  mainly — 

1.  To  the  fact  that  the  nutrition  of  the  entire  central  nervous  system 
is  directly  influenced  by  the  current.  In  an  ordinary  application  the 
brain,  spinal  cord,  and  sympathetic  ganglia  are  all  subjected  to  theae>j 
tion  of  the  current.  In  most  of  die  applications  of  central  localised 
electrization  only  a  part  of  the  central  nervous  system  is  affected  »t 
each  sitting.  We  are  warranted  in  believing  that  in  nearly  all  nenrous 
diseases  the  central  nervous  system  is  more  or  less  disturbed,  even  when 
it  is  not  organically  diseased. 

2.  The  passive  exercise  that  results  from  the  vigorous  and  repeated 
muscular  contractions  produced  by  the  applications.  When  the  applica- 
tions are  thoroughly  and  skilfully  made,  vigorous  yet  agreeable  con- 
tractions are  excited,  not  only  in  all  the  superficial  muscles,  but  in  the 
deeper  layers,  and  also  of  the  contractile  fibre-cells  of  the  stomach, 
the  intestines,  and  other  vital  organs.  The  augmentation  of  the  man^ 
fold  processes  of  waste  and  repair  which  a  single  sitting  causes  in  the 
muscles  and  abdominal  organs  would  alone  powerfully  intluence  nutri- 
tion, even  though  the  electric  current  exerted  no  direct  effect  on  the 
nervous  system. 
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That  the  tonic  effects  of  general  faradization  are  very  largely  due  to 
the  passive  exercise  which  it  produces,  is  proved  clinically  by  the  fact 
that  when  a  current  too  feeble  to  cause  muscular  contractions  is  used, 
or  when  the  muscles  are  neglected,  the  tonic  as  well  as  the  primary 
effects  of  the  treatment  are  much  less  marked. 

3.  Reflex  action  from  the  sensory  nerves.    The  reflex  effect  of  the . 
faradic  current  even  is  very  powerful,  and  in  general  faradization  nearly 
all  the  superficial  sensory  nerves  are  acted  upon,  and  consequently  the 
whole  nervous  system  is  constantly  under  reflex  as  well  as  direct  in- 
fluence of  the  current* 

♦  Brown-S^uard  and  Lombard  (Archives  de  PhynoL,  November  and  December, 
1869)  have  shown  that  when  one  arm  is  pinched  the  temperature  of  that  arm  slightly 
rises,  and  that  of  the  opposite  arm  fall&  Dr.  James  J.  Putnam  (Boston  Medical  and 
Surgical  Journal,  June  23,  1870)  has  shown  by  a  series  of  experiments  on  frogs  that 
electrization  of  one  foot  caused  reflex  contractions  of  the  blood-vessels  in  the  web  of 
the  foot  of  the  opposite  side.  These  experiments,  taken  in  connection  with  the  fact 
that  nutrition  is  closely  related  to  circulation,  would  render  it  clearly  probable  that 
reflex  action  is  an  important  factor  of  the  results  of  application  of  electricity,  and 
especially  of  general  faradization,  where  the  extremities  are  directly  affected  by  the 
current. 


CHAPTER   XI. 
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In  order  to  determine  the  differential  indications  for  the  use  d  \ 
localized  and  general  faradiialion  we  need  to  consider  these  fotiil 
facts : 

Firs/,  That  general  faradization  directly  affects  the  whole  body,  while 
in  localized  faradization  the  direct  action  of  the  current  is  mainly  aWKi 
fined  to  the  part  to  which  the  application  is  made. 

Secondly^  That  general  faradization  may,  by  sympathetic  or  rcflci  j 
action,  indirectly  have  a  special  therapeutic  influence  on  some  sp<nci\ 
part  or  organ,  while  localized  faradization  of  any  part,  but  especial);  I 
of  the  sympathetic  or  cerebrospinal  axis,  by  syrapatliedc  or  rdlex 
action,  may  indirectly  have  a  general  therapeutic  influence  on  the  j 
whole  body. 

Thirdly^  P^aradization,  when  properly  performed,  very  rarely  injurtS, 
and  usually  more  or  less  benefits,  even  those  parts  which  arc  in  cooh 
parative  or  absohite  health.  This  consideration  has  an  important  prtC- 
tical  bearing,  especially  in  the  use  of  general  faradization,  in 
doubt  as  to  the  seat  of  the  disease.     (See  p.  271.) 

Fourthly^  In  nearly  all  cases  it  is  important,  and  in  nsany  it  is  in 
pensable,  that  the  applications  should  be  made  to  the  seat  of  tlie  dis- 
ease as  well  as  to  the  locality  of  the  symptom.  Scientific  electro-thcrt- 
pcutics,  therefore,  requires  the  most  accurate  preliminary  diagnosis ; 
above  all,  it  is  important  to  rigidly  discriminate  between  diseases  whidi 
are  of  a  constitutional  and  those  which  are  of  a  local  origin. 

From  these  fundamental  considerations  we  logically  derive  the  gen- 
eral law  that  constitutional  diseases  arc  better  treated  by  general^  and 
local  diseases  by  localized^  faradization. 

More  specificall}',  experience  demonstrates  that  of  the  large  variety  rf 
diseases  for  which  applications  of  electricity  are  found  useful,  localised 
faradization  and  galvanization  are  specially  indicated  in  those  easel 
where  both  the  seat  and  the  effects  of  the  disease  are  restricted  to  cer- 
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ortions  of  the  organism,  with  but  slight  or  imperceptible  influence 

system  at  large.     Under  this  head  are  included  nearly  all  peri- 

1  and  reflex  paralyses  and  neuralgias,  efiusions,  sprains,  and  local 

and  also  many  of  the  diseases  of  the  eye,  ear,  larynx,  and 

I  and  digestive  organs. 

I  the  other  hand,  general  faradization  is  indicated — 

:  In  those  diseases  that  are  dependent  on  or  associated  with  im- 

;  of  nutrition  and  general  debility  of  the  vital  functions,  such  as 

dyspepsia,   neurasthenia,    anaemia,   hysteria,   hypochondriasis, 

sis,  and  neuralgia  of  a  constitutional  origin,   rheumatism   and 

toxic   diseases,  some  fonns   of  chorea,  and  oftentimes  in  func- 

I  disorders  of  the  genital,  digestive,  and  other  special  organs. 

I  In  morbid  symptoms  dependent  on  some  local  cause  which  can- 

:  satisfactorily  diagnosticated-     It  must  be  confessed  that  a  large 

of  cases  of  chronic  diseases  are  frequently  dependent  on  or 

ted  with  some  important  lesions,  of  which,  during  the  lifetinje  of 

ent,  even  the  most  approved  methods  of  diagnosis  and  the  most 

I  skill  utterly  fail  to  ascertain  either  the  nature  or  the  locality. 

is  oftentimes  the   case  with  epilepsy,   hysteria,   and  hypochon- 

sometiraes,  also,  with  affections  of  special  organs,  as  the  eye, 

jrnx,  and  uterus. 

edikt  emphatically  affirms  that  electricity  should  be  applied  almost 
vely  in  loco  morbiy  in  the  place  of  the  disease,  and  in  cases  of 
recommends  tentative  applications  successively  in  all  the  s«s- 
l  localities  until  the  diagnosis  is  made  out  by  the  success  of  the 
acnt*  It  scarcely  need  be  said  that  this  purely  experimental 
,  though  sometimes  successful,  must  be  and  is  annoying,  uncer- 
^ and  very  frequently  unsatisfactory. 

;  advantage  of  general  faradization  in  such  cases  of  doubtful  patho- 
r  are  twofold  :  Firsts  at  each  application  it  afifects  all  parts  of  the 
body,  and  thus  is  sure  to  reach  the  seat  of  the  disease,  wherever  that 
0*y  be ;  and,  secondiy^  it  at  the  same  time  improves  the  general  nutri- 
'•on  of  the  system,  which,  in  such  cases,  is  frequently  more  or  less  im- 
ired    This  improvement  in  nutrition,  as  has  been  stated,  oftentimes 

I  lavorably  on  the  local  disease, 
hill  further,  it  must  be  confessed  that  very  many  of  the  diseases  in 
general  faradization  is  proved  to  be  of  most  efficient  service, 
in  which  no  special  locus  morbi  can  be  found  even  on  post- 
I  examination. 


•  Die  Electrotherapie.     Wien,  x868,  p.  79. 
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Future  investigations  will  undoubtedly  do  much  to  dispel  oor  ignO' 
ranee  on  these  points,  and  will  probably  assign  a  definite  local 
to  some  of  the  diseases  which  are  now  vaguely  classed  as  con^ 
tionaL  But  even  those  diseases  in  which  the  local  cause  is  definitely 
ascertained  may  demand  constitutional  treatment  as  niuch  as  or  toon 
than  those  in  which  no  local  cause  is  demonstrated.  When  a  house  is 
set  on  fire  by  a  burning  ftise,  it  is  not  enough  to  snatch  away  the  fuse ; 
we  must  extinguish  the  flames.  When  tlie  nervous  system  has  bc«a> 
thrown  into  tet.inus  by  a  wound  in  the  fool,  excision  or  healing  of  the 
wound  is  of  little  avail ;  remedies  must  be  directed  to  the  central  nef- 
vous  system.  Precisely  so  when  chronic  local  disease  has  enfcd)!ed 
the  vital  functions  and  impaired  nutrition,  our  applications  arc  to  be 
directed  to  the  general  system  as  well  as  to  the  seat  of  the  lesion. 

3.  In  certain  diseases  which,  though  themselves  incurable,  are  ac- 
companied by  impairment  of  nutrition  that  is  susceptible  of  more  or  less 
relief.  Palsy  agitans,  many  cases  of  cerebral  and  spinal  paralysis,  ad- 
vanced stages  of  locomotor  ataxia,  rheumatic  gout,  epilepsy,  and  ccr* 
tain  spastic  aflections,  may  be  absolutely  incurable,  and  yet  the  ema- 
ciation, nervousness,  insomnia,  and  general  feebleness  with  which  these 
diseases  are  associated  as  cause  or  efi"ect  or  concomitant,  may  be  sus- 
ceptible of  most  grateful  relief  from  general  faradization.  In  not  a  few 
cases  of  disease  of  these  varieties,  after  we  have  failed  to  do  any  good 
by  galvanisation  of  the  brain,  s)Tupathetic  and  spinal  cord,  after  even 
central  galvanization  has  failed,  general  faradization  alone,  given  with- 
out special  reference  to  the  seat  of  the  pathological  lesion,  has  greatly 
relieved  the  symptoms  and  been  of  invaluable  service  by  virtue  of  its 
tonic  effects,  although,  of  course,  it  could  have  no  permanently  curathre 
influence. 

Illustrative  cases  of  every  grade  will  hereafter  be  presented  in  detail 

Cauj^  of  Failures  in  Electro-Therapeutics. — The  comparison  we 
have  here  made  reveals  the  cause  of  some  of  the  failures  and 
discouragements  that  have  been  and  are  now  being  encountered 
by  many  experimenters  in  the  department  of  electro-therapeutics. 
Constitutional  diseases  have  been  treated  locally.  Morbid  constito- 
tional  conditions,  such  as  hysteria,  anaemia,  rheumatism,  and  the 
like,  which,  as  all  physicians  agree,  demand  remedies  that  affect  the 
system,  are  treated  electrically  only  through  their  local  symptoms^  such 
as  peripheral  paralysis,  or  neuralgia,  or  inflammation  of  the  joints. 
Temporary  relief,  or  metastasis  of  these  local  symptoms  may  indeed 
result  from  exclusively  localized  applications  in  such  cases,  but  per« 
manent  correction  of  the  morbid  condition  on  which  these  symptoms 
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depend  can  only  be  obtained  by  general  treatment.  In  subacute  rheu- 
matism, for  example,  galvanization  or  faradiiation  of  an  inflamed  joint 
frequently  removes  the  pain  and  effusion  in  that  joint,  and  therefore 
may  advantageously  be  used  with  general  faradization,  just  as  the  ex- 
ternal application  of  alkaline  solutions  may  advantageously  be  com- 
bined with  the  internal  administration  of  the  same  remedies  ;  but  to 
depend  on  merely  localized  electrization  in  such  cases  is  manifestly  as 
unphilosophical  as  it  would  be  to  depend  on  merely  local  applications 
of  aJkalies.  In  general  practice  it  will  unfortunately  be  found  that 
physicians  will  frequently  use  localized  in  cases  for  which  general  treat- 
ment is  indispensable  for  complete  results,  for  the  reason  that  they 
have  neither  the  time  nor  the  practice  to  enable  them  to  use  the  latter 
method  with  success ;  just  as  the  majority  of  general  practitioners,  for 
want  of  a  galvanic  apparatus,  are  obliged  to  use  faradii:aiion  in  cases 
for  which  galvanization  is  imperatively  demanded. 

Combination  of  tJuMdhods, — Many  cases  are  most  successfully  treated 
by  a  combination  or  alternation  of  the  two  methods.  Thus  rheumatism, 
for  example,  may  be  treated  one  week  or  one  day  by  general  faradiza- 
tion, and  the  following  day  or  week  by  local  faradization  or  galvaoizai- 
tion  of  the  affected  joints. 

This  comparison  furthermore  reveals  and  explains  the  suggestive 
fact  that  the  sphere  of  electro-therapeutics  has,  in  a  measure,  corre- 
sponded to  and  progressed  with  the  advance  in  the  method  of  apphca- 
tion-  Thus,  when  peripheral  applications  were  chiefly  used,  the  scope 
of  electrotherapeutics,  though  important,  was  narrow,  neuralgia  and 
paralysis  being  the  diseases  for  which  it  was  mainly  employed.  On 
the  introduction  of  localized  galvanization  of  the  nerve-centres,  electri- 
city was  found  to  be  most  useful  for  many  conditions  in  which  pre- 
viously it  had  been  supposed  to  be  either  valueless  or  contraindicated. 
The  sphere  of  electro-therapeutics  is  by  general  faradization  and  cen- 
tral galvanization  still  further  extended  to  embrace  a  large  variety  of 
conditions  and  indications  which  localized  applications  fulfil  either  not 
at  all,  or  but  very  imperfectly. 


CHAPTER  XII. 


CENTRAL  OALVAJfUATtON. 


TTit  object  in  central  galvanization  is  to  bring  the  tphole  central  f 
vous  system — the  brain,  sympathetic  and  spinal  cord — as  ivetl  as  the pnoh  I 
mogastric  and  depressor  nerves^  under  the  influence  of  tht  galvanic  cmrA 
rent.  One  pole  {usually  the  negative)  is  placed  at  the  epigastrium^  rvkUri 
tttc  other  is  passed  over  the  forehead  and  top  of  the  head^  by  the  ism(r\ 
borders  of  the  sterno-cleido-masfoid  ntuseles^from  the  mastoid  fossa  t&the 
sternum,  at  the  nape  of  the  neck^  and  doum  the  entire  length  of  the  spint,  t 

The  following  representations  of  the  principal  steps  in  the  methodl 
of  central  galvanization  were  raade  from  photographs  taken  during  Ac 
applications  < 


Fic  to8. 


Crntral  Galvanixatiom,  first  stage.  One  pole  on  the  epigastrium,  the  otlxr  «■ 
the  craMial  centre^  the  hair  at  thnt  point  being  moistened.  Before  malting  tlie 
application  at  this  point  the  electrode  may  be  passed  over  the  forehead. 
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A  female  patient  is  taken  in  order  to  show  that  this  method  in  its 
intiret)^  requires  little  or  00  exposure. 


/ 


J 


V 


^ 


v: 


A 


Tin,  109. 

Central  Gai.vanizatiom,  secoad  stage.  One  pole  lame  position  as  J>efore,  or  \owtT 
down,  and  the  other  passed  up  and  down  by  the  inner  border  of  the  ster^o- 
deido-mastoid  muscle  from  the  auriculo-maxillary  fossa  to  the  sternum. 


Details  of  the  Applications. — We  do  not  always  make  the  app'uca- 
tions  all  over  the  head,  but  merely  on  the  forehead,  gently  passing  the 
electrode  from  one  side  to  the  other;  then  baptize  the  patient  on  the 
cranial  centre^  at  the  top  of  the  head,  and  rest  the  pole  there  for  about 
one  minute,  and  sometimes  longer.  To  the  head  we  apply  from  two 
to  six  or  eight  cells — for  patients  vary  in  their  susceptibility — ^beginning 
with  a  weak  current,  and  gradually  increasing  until  a  sour  or  metallic 
taste  is  perceived  in  tiie  mouth.  The  cranial  centre — the  summit 
between  the  cars — we  regard  as  the  most  important  region  of  the  head 
in  all  electrical  applications,  and  especially  in  central  galvanization.  A 
current  passing  from  that  point  to  the  epigastrium,  traverses  the  centre 
of  life — if  life  has  any  centre — and  affects  the  sympathetic,  and  the  roots 
of  the  facial  nerves.  The  sensation  produced  by  this  application  is 
different  from  that  of  any  other  apphcatioa  to  the  head,  and  is  some- 
DQies  indefinable. 
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An  application  to  this  point  for  one  or  two  minutes  is  usaally  j 
as  much  galvanization  as  the  brain  needs.  In  exceptional  cases, 
where  the  hair  is  thin,  or  the  head  is  bald,  we  make  the  applications  all 
over  the  surface,  back  and  front.  In  applications  to  the  head«  caxr 
should  be  taken  to  avoid  sudden  interruptions,  or  shocks  that  cause 
dizziness;  the  flashes  of  light  before  the  eyes  are  of  little  account,  but 
nothing  is  gained  by  producing  them,  and  they  are  annoying  to  the 
patient. 


Fic  it«b 

Centhal  Galvanizatioi*,  third  stage.  One  pole  same  poation  «s  before,  or  on  Um 
t>rea<itbone,  and  the  other  at  the  back  of  the  neck  t)etween  the  first  and  wveBtk 
cervical  vertebrae. 


The  electrode  is  then  passed  down  the  inner  border  of  the  stenio- 
cleido-mastoid  muscle,  from  the  aurjculo-maxillary  fossa  to  the  clavicle, 
for  the  piMpose  of  affecting  the  pneujiiogastric  and  sympathetic 
We  usually  make  the  application  on  both  sides,  and  from  one  to  five 
minutes. 

In  galvanizing  the  spine,  especial  attention  is  given  to  the  cihor/ttMl 
centre,  below  the  first  and  seventh  cervical  vertebne,  which  is  to  tlie 
spine  what  the  cervical  centre  is  to  the  brain.    The  cervical  sympathetic 
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and  pneuraogastric,  as  well  as  the  spinal  cord,  are  affected  by  the  cur- 
rent. The  electrode  should  also  be  passed  over  the  entire  length  of  the 
cord  by  labile  applications  up  and  down.  The  back  is  not  usually  sensi- 
tive, and  strong  currents,  from  ten  to  thirty  cells,  can  be  borne  without 
any  more  discomfort  than  a  burning  or  pricking  sensation  beneath  both 
electrodes. 


T\a.  tti. 

Ckntral  Galvanization^  Fourth  stage.  One  pole  same  position  as  before,  or  ova 
the  abdomen,  and  the  other  passed  beneath  the  loosened  clothing,  up  and  down 
the  cord,  from  the  seventh  cervical  vertebra  to  the  coccyx. 

The  back  may  be  treated  from  three  to  six  minutes,  and  the  whole 
length  of  the  seance  of  central  galvanization  ranges  from  five  to  fifteen 
minutes. 

Preparation  of  the  Patient. — All  the  preparation  a  male  patient  re- 
quires for  central  galvanization  is  to  unbutton  and  loosen  the  collar, 
remove  the  coat  and  vest^  and  slip  up  the  whole  clothing,  so  that  free 
access  can  be  had  to  the  spine. 

A  female  patient  may  remave  her  corsets  and  slip  up  her  trnder^ 
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should  kindly  inform  us  whether  epilepsy,  for  example,  takes  its  origin 
in  the  brain  or  in  the  sympathetic,  and  should  point  out  to  us  just  where 
the  lesion  occurred,  we  should  stili  be  in  the  dark  in  regard  to  the  best 
tnethod  of  localizing  the  current,  for  without  another  and  still  more 
complex  revelation  we  could  not  detemune  the  extent  to  which  all 
other  parts  of  the  nervous  system  had  been  affected  by  the  local  dis' 
ease. 

The  force  of  this  objection  to  the  use  of  the  accepted  method  of 
galvanizing  the  brain  and  cervical  sympathetic  is  seen  when  we  attempt 
to  give  the  complete  pathology  of  any  of  the  diseases  we  have  just  men- 
tioned, and.  indeed,  of  almost  any  nervous  disease  that  can  be  men- 
tioned. ^Vhere  is  the  precise  i>eat  of  the  disease  in  nerv'ous  dyspepsia  ? 
We  know  that  the  stomach  is  weak,  and  we  prescribe  galvanization  of 
the  pncumogaslric  ;  but  what  have  the  solar  plexus  and  the  spinal  cord 
to  say  in  the  matter?  VVho  can  tell  just  how  not  only  they,  but  the 
brain  itself,  may  be  the  origin  of  nervous  dyspepsia,  or  how  much  they 
share  in  the  pathological  disturbance,  and  consequently  how  much  they 
need  treatment  ?  After  eleven  centuries  of  medical  study,  who  can 
tell  the  precise  and  exclusive  seat  of  the  disease  in  epilepsy,  hysteria,  and 
neurasthenia?  Is  not  the  probability  continually  growing  stronger 
with  the  advance  of  science,  that  in  these  and  many  other  diseases  the 
whole  or  a  large  (>art  of  the  central  nervous  system  shares  as  a  cause, 
or  result,  or  concomitant  ?  Even  in  those  diseases  where  the  lesion  is 
understood,  is  there  not  much  more  of  the  unknown  than  of  the  known  ? 
In  locomotor  ataxia,  progressive  muscular  atrophy,  spinal  congestion 
and  irritation,  is  the  spine  only  at  fault  ?  Do  the  sympathetic  and  bfuin 
wholly  escape  the  infection  ?  "  Evil  communications  corrupt  good 
manners"  in  pathology  as  well  as  in  morals,  and  the  communications 
between  the  sympathetic,  and  cord,  and  brain,  and  the  nerves  that  branch 
from  all  these,  are  so  varied,  and  intimate,  and  complex,  that  when  the 
cord  is  known  to  be  diseased  we  very  naturally  incline  to  consider  the 
other  parts  of  the  nervous  system,  like  "  poor  dog  Tray,"  in  bad  com- 
pany, and  we  become  very  justly  suspicious  of  their  character.  In  this 
suspicion  we  are  justified  by  the  accepted  views  of  the  functions  of  the 
sympathetic,  and  by  the  clinical  signs  and  symptoms  of  these  diseases. 

In  cerebral  hemorrhage  we  usually  know  the  general  locality  of  the 
disease,  if  not  its  jirecise  nature ;  but  the  spinal  cord,  through  disuse, 
becomes  affected  with  secondary  degenerations,  and  the  organs  of  di- 
gestion also  more  or  less  sympathize. 

3,  That  the  nutrition  of  the  central  nervous  system  will  be  improved 
by  passing  through  it  a  mild  galvanic  current. 
27 
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That  in  the  great  majority  of  cases  of  so-called  functional  d« 
disease,  and  in  many  of  the  cases  of  special  structural  lesions,  cenw-^ 
tonics  are  indicated,  will  be  questioned  by  no  one.  It  is  also  con 
to  be  pretty  generally  admitted  that  electricity  is  something  more 
a  stimulant — that  it  is  a  tonic  with  a  powerful  sedative  influence.  Still ' 
further,  it  is  admitted  that  the  sedative  and  tonic  effects  of  electricity^ 
can  be  obtained  by  passing  the  current,  with  little  oi  no  interruption,] 
through  any  part,  the  nutrition  of  which  needs  to  be  improved. 

4.   It  is  impossible  to  exclusively  localize  the  current  in  the  cervical  | 
sympatlietic,  hence  it  is  certain  that  the  good  results  that  in  some  instances 
follow  the  galvani;:ation  through  the  neck  are  due  to  the  effect  of  thej 
current  on  the  spinal  cord  or  pncumogastric,  as  well  as  to  the  cervical  \ 
ganglia  of  the  sympathetic.     That  the  beneficial  effects  of  galvanizing  the 
neck  in  cases  of  nausea,  dyspepsia,  and  gastralgia,  are  due  in  part  if  oot] 
entirely  to  the  effect  of  the  current  on  the  pncumogastric,  is  more  tbani 
probable.    Conversely,  we  find  it  impossible  to  tell  how  far  our  attempts 
to  localize  the  current  in  the  pncumogastric,  by  placing  one  pole  at  the  j 
pit  of  the  stomach  and  the  other  by  the  inner  border  of  the  sterno-clcido-j 
mastoid  muscle,  was  successful  ;  and  whether  the  benefit  derived  look 
place  through  the  pneumogastric,  the  sympathetic  alone,  or  through  both 
combined,  seems  beyond  the  power  of  mortal  skill  to  determine. 

Similar  difficulties  are  experienced  in  the  attempt  to  differentiate  the 
effects  of  the  galvanizing  the  brain  ;  how  much  the  results  of  applica- 
tions to  the  head  are  due  to  the  direct  or  reflex  action  of  the  current  on 
the  brain  itself,  how  much  to  its  action  on  the  cephalic  ganglia  of  the 
sympathetic,  and  how  much  to  its  action  on  the  roots  of  the  pneunio- 
gastric  and  the  upper  part  of  the  spinal  cord,  seems  in  the  present  stale 
of  the  sciences  of  anatomy  and  physiology  absolutely  impossible  \o  de- 
termine. In  galvanizing  the  spine  we  are  puzzled  by  the  same  com- 
plications. The  cervical,  thoracic,  and  abdominal  ganglia  of  the  sjrrn- 
pathetic,  with  their  enormous  plexuses,  arc  all  liable  to  be  affected  by 
the  current  whenever  it  is  applied  up  and  down  the  spine  ;  and  how  &r 
the  beneficial  results  of  galvanization  arc  due  to  the  effect  of  the  cur- 
rent on  the  cord  itself,  and  how  far  to  its  effect  on  these  ganglia  and 
plexuses,  only  a  special  revelation  can  determine. 

Still  further,  the  subject  is  complicated  by  the  consideration  thai 
electricity  works  powerfully  by  reflex  action,  and  in  galvanizing  the 
brain,  the  cervical  sympathetic,  or  the  spine,  reflex  action  must  contion* 
ally  take  place  through  the  nerve-centres,  and  the  therapeutical  results 
produced  by  such  treatment  must  be  in  part  attributable  to  such  reiMj 
action. 
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positive  pole  (anode)  is  applied  over  the  head,  neck,  and  spine, 
it  is  less  irritating  than  the  negative,  and  tends  to  diminish  irri- 
ftifity.  The  majority  of  the  cases  for  which  central  galvanization  is 
Bed  are  in  a  condition  of  abnormal  irritability,  and  need  the  calming 
cBect«  of  analectrotonos  rather  than  the  irritating  effects  of  catalectro- 
toftos.  To  this  rule  there  are  individual  exceptions  :  there  are  cases 
ikll  appear  to  be  benefited  more  by  the  negative  than  the  positive 
^.    (See  pp.  364-266. ) 

The  negative  pole  (cathode)  is  placed  at  the  epigastrium,  because 
4e epigastrium  is  a  good,  indifferent  point,  that  will  bear  well  the  irri- 
t«ing  effect  of  catalectrotonos.  In  order  to  avoid  over-irritating  the 
WOfitadi  and  the  pneumogastric  nerve,  it  is  well,  in  very  sensitive 
'{■Ikflts,  and  when  long  applications  are  used,  to  change  the  position 
of  the  Jiegative  electrode  by  moving  it  up  and  down  between  the  ster- 
MmanJ  abdomen. 

The  positive  and  negative  modifications  (see  Electro-Physiolog)',  p.  1 14) 
ion  take  place  at  the  breaking  of  the  galvanic  current,  in  the  region  of 
ll>c  anode  and  the  cathode,  probably  complicate  somewhat  the  effects  of 
fttaittent — arc,  indeed,  factors  of  some  importance  in  producing  the 
effects,  and  not  unlikely  explain,  in  part,  the  disagreeable  results  that 
come  from  too  frequently  interrupting  the  current  when  treating  nerve- 
centres.  The  positive  and  negative  modifications  can,  however,  be 
to«lly  avoided  by  using  a  rheostat  of  some  kind,  and  gradually  reducing 
tie  strength  of  the  current  to  a  minimum  before  the  electrodes  are  re- 

ttMVcd. 

Central  Galvanization  Compared  with  Localized  Galvanization  of  the 
^trvfontres. — We  claim  for  central  galvanization  a  distinct  and  sepa- 
on  among  the  different  methods  of  using  electricity  in  medicine. 
. .  :cations  of  the  galvanic  current  to  the  head,  the  neck,  and  the 
•Pttc,  which  have  been  variously  used  by  electro-therapeutists  since  the 
^  of  Remak,  are  simply  forms  of  localized  electrization,  since  the 
"^t  aimed  at  in  ail  of  them  is  to  localize  the  current,  so  far  as  possible, 
iJJllie  brain  or  some  ix)rtion  of  it,  in  the  cervical  ganglia  of  the  synipa- 
"ftic,  or  in  the  spinal  cord.  Then,  again,  in  all  these  forms  of  localized 
IPlvanization  of  the  nerve-centres,  the  poles  are  placed  near  each  other 
Over  the  part  to  be  affected,  and  the  peculiar  action  of  both  poles  is  felt, 
w  far  as  is  possible  by  external  application,  in  the  organ  that  is  treated. 
In  galvanizing  the  head,  for  example,  the  poles  are  applied  behind 
ears,  or  in  front  of  them,  or  one  is  placed  on  the  forehead,  and 
;her  on  the  occiput,  or  at  the  nape  of  the  neck.  In  galvanizing 
^  cervical   ganglia  of  the  sympathetic,  one  pole  is  placed  on  the 
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auriculo-maxillary  fossa,  or  along  the  ioner  border  of  the  stenio-cletd(^| 
mastoid  muscle,  while  the  other  is  applied  at  the  back  of  the  neclc     la  | 
galvanizing  the  spine,  one  pole  is  placed  at  the  upper   or  lower  part 
while  the  oiher  is  passed  up  and  down  the  entire  length,  or  kept  in  otic  j 
place,  or  both  may  be  moved  up  and  down  the  entire  length  of  the 
cord,  or  confined  to  any  portion,  as  is  desired. 

But  in  central  galvanization  the  electrodes  are  so   placed  that  the! 
whole  central  nervous  system  is  brought  under  the  int^uence  of  one  pole 
(usually  the  positive)  of  the  galvanic  current  at  one  sitting,  and  without  1 
any  important  change  of  position  of  the  negative  pole.    Besides  the  cco-l 
tral  nervous  system,  the  pneurnogastric  and  the  stomach  itself  are  also 
affected ;  in  a  word,  the  great  centres  of  life,  of  health,  and  of  disease. 

Comparing  central  galvanization  with  localized  galvanization  of  the  \ 
nerve  centres,  by  the  effects,  we  find  differences  of  a  most  marked  an<J 
interesting  character  exist.     The  ordinary  methods  of  galvanizing  llic 
cervical  sympathetic,  the  brain,  or  the  spine,  do  not,  either  singly  or  in  l 
combination,  produce  the  powerful  tonic  results  that  are  frequently  ob- 1 
tained  by  central  galvanization.     Sedative  and  tonic  effects  are  unqucs-  j 
tionably  produced  by  these  local  methods,  but  they  are  frequently  in-J 
ferior  in  quality  and  degree  to  those  derived  from  central  galvanltatioo  ' 
when  properly  administered.    This  conclusion  is  derived  from  actual  trill 
and  observation  of  cases.     Neither  the  temporary  nor   the   permanent 
effects   of   localized  galvanization  of  llie  brain,  of  tlie  cervical  sym- 
pathetic and  pneurnogastric,  or  of  the  spine,  are  as  satisfactory  in  many 
cases,  even  when  they  are  successively  used  at  the  same   sitting  asd 
with  the  same  time  and  strength  of  current,  as  central  galvanization. 

Still  further,  experience  teaches  that  the  method  of  central  galvaniii- 
tion,  in  its  completeness,  is  more  serviceable  than  partial  or  incomplete 
appUcations  of  it.  Placing  the  negative  pole  on  the  epigastrium,  and 
the  other  on  the  spine,  will  not  accomplish  the  full  etTects  of  cenlrtl 
galvanization,  although  so  far  as  it  goes  it  is  a  good  method,  and  pro* 
duces  sedative  and  tonic  effects.  To  condne  the  attention  to  the  bead 
and  neck  ^one,  also,  Is  not  sufficient. 

Comparlrd  with  General  Faradization. — Comparing  central  galvaaitt* 
tion  with  general  faradization,  we  find  most  important  differences.  Il 
the  one  only  the  galvanic,  in  the  other  onl)  the  faradic,  curreait  it 
used. 

In  general  faradization  the  application  is  made  not  only  over  the 
central  nervous  system,  but  over  the  entire  trunk,  and  especial  attention 
is  given  to  the  muscles  of  the  abdomen  and  extremities.  In  central 
galvanization  the  chief  aim  is  to  affect  the  central  ntrvous  system ;  u> 
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Graduation  the  chief  aim  is  to  affect  the  muscular  system, 
igh  the  nervous  system,  central  and  peripheral,  is  affected  both 
iy  and  reflexly. 

paring  the  effects  of  central  galvanization  with  those  of  general 
fin<]i;ation,  we  find  that  both  are  powerful  Ionics,  and  are  adapted  for 
coodHions  of  debility,  by  whatever  names  they  may  be  known.  Foi 
iomc  cases,  and  particularly  for  cases  associated  with  great  muscular 
debility,  general  faradization  is  more  effective  than  central  galvariiza- 
bOQ.  On  the  other  hand,  in  cases  where  simply  exhaustion  of  the 
BOTC<entres  is  the  leading  condition — as  hysteria,  chorea,  and  sc 
fcrth— central  galvanization  is  oftentimes  far  superior  to  general  faradi- 
m. 

}traJ  Galvanization  alternated  with  General  Faradization.  — Some 
best  results  thai  we  have  yet  seen  have  been  secured  by  combin- 
er by  alternating  the  two  methods. 
letimes,  after  general  faradization  has  done  all  that  it  is  capable  of 
galvanization,  rightly  used,  helps  to  lift  the  patient  still  higher, 
iscs  where  we  are  not  experimenting,  and  seek  only  the  best  good 
patient  in  the  shortest  time  possible,  we  use  in  succession,  or 
ion,  and  with  changes  and  modifications,  all  the  principal 
HKithods — local  galvanization  of  the  brain,  of  the  cervical  sympathetic 
indipine,  general  faradization  and  central  galvanization.  This  course 
fe found  to  be  oftentimes  justified  by  the  results.  The  improvement  is 
positive  and  more  permanent  than  when  a  single  method  is  used 
isively. 

Some  cases  we  treat  one  week  by  general  faradization,  the  next 
by  central  galvanization ;  sometimes  we  alternate  the  methods 
day  to  day. 

There  are,  however,  cases  not  a  few,  where  all  forms  of  faradization, 
where  local  galvanization  of  the  nerve-centres  irritates  rather  than 
its,  bat  in  which,  under  the  method  of  central  galvanization,  there 
't  and  constant  improvement. 

'.  Althaus,  of  London,  in  the  third  edition  of  his  most  excellent 

on  Medical  Electricity,  after  describing  this  method  of  central 

lization  in  detail,   remarks  that  he  had  never  carried   out  the 

in  its  entirety,  but  that  he  had  used,  experimentally,  applica- 

^Di  to  the  head  and  neck  with  the  anode,  and  to  the  epigastrium  with 

thode.     He  states  that  unpleasant  results  have   followed  these 

iments,  that  disagreeable  cerebral  symptoms  were  produced  by  it 

the  application,  and  which  sometimes  continued  for  Iwenty-fom 

or  D)ore  afterwards. 
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"The  patients  had  a  general  sensation  of  malaise  and  nervousness 
headache,  and  a  feeling  of  giddiness  and  confusion." 

Dr.  Althaus  further  states  that  he  has  used  the  "  application  of  tfat 
anode  to  the  cervical  and  lumbar  spine,  and  of  the  cathode  to  the  pit 
of  the  stomach  with  advantage." 

Nothing  is  easier  than  to  produce  these  unpleasant  results  in  soSi 
ceptible  patients  by  any  method  of  galvanizing  the  brain  and  neci, 
provided  strong  currents  arc  used,  or  interruptions  are  alloweiU  or  the 
applications  are  prolonged.  The  same  effects  may  follow  general  fan* 
di/ation  and  localized  galvanization. 

In  beginning  to  treat  a  patient  by  central  galvanization,  we  should 
use  very  mild,  scarcely  perceptible  currents,  particularly  around  the 
head  and  neck,  and  even  on  the  cervical  spine,  and  great  pains  should 
be  taken  to  avoid  breaking  the  current,  and  the  application  should  be 
of  only  a  few  moments'  duration.  Taking  these  precautions  lias  now 
become  with  us  a  mere  matter  of  routine,  and  we  are  every  day  accus- 
tomed to  treat  the  most  sensitive  and  delicate  patients — cases  of  brs» 
teria,  nervous  exhaustion,  hypochondriasis,  and  allied  affections — cises 
which  are  sufficiently  familiar  to  all  American  physicians,  and  with 
sedative  and  tonic  effects  that  are  not  obtainable  by  other  methods. 

Whenever  any  of  the  disagreeable  effects  spoken  of  by  Dr.  Althiaf 
occur,  we  always  give  the  patient  a  longer  interval,  and  moderate 
applications  until  only  good,  unmixed  with  evil,  effects  appear. 

The  American  constitution  is  more  susceptible  to  electncity  than 
the  English  or  the  German,  and  if  our  nervously  exhausted*  hysterical 
women  can  bear  and  be  profited  by  central  galvanization,  surely  the 
women  of  England  and  Germany  might  be  treated  by  the  same  method^ 
even  when  used  with  less  caution. 

We  have  frequently  treated  by  this  method  delicate  women  who  art 
too  feeble  to  walk  or  stand,  or  even  to  sit  up,  and  who,  therefore,  must 
be  treated  in  bed,  and  even  in  such  cases,  the  disagreeable  effects  only 
occur  now  and  then,  and  no  oftener  than  they  occur  when  otfa«r 
methods  of  electrization  are  employed  in  the  same  kind  of  cases ;  in- 
deed, not  so  freipienily  as  they  follow  general  faradization  or  locil 
galvanization  of  the  brain. 

Reply  to  Objections  against  Galvanization  of  the  Nervt^centre*,—^ 
It  is  proper  here  to  consider  briefly  some  of  the  objections  that  hww 
been  brought  against  galvanizing  the  nerve-centres  by  the  method  of 
central  galvanization,  or  by  any  form  of  local  galvanization.  These 
objections,  which  in  some  instances  have  come  from  persons  who  or 
other  subjects  are  well-informed,  are  of  a  threefold  character. 
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1.  That  the  current  goes  around  the  nerve-centres,  and  not  through 
them.  This  objection  is  fully  met  by  the  experin^ents  recorded  in 
Electro  Physiology,  pp.   184-187. 

2.  That  we  do  not  comiiletely  understand  what  the  current  doej 
when  it  penetrates  the  nerve-centres — ^in  other  words,  the  rationale  o(<^ 
the  effect  of  electricity  on  nutrition  is  not  yet  an  exact  science.  This 
objection  is  just  enough,  considered  as  a  fact,  but  considered  as  an  ar- 
gument, it  attempts  to  prove  too  much.  By  referring  to  Electro  Physi- 
olog>'  we  shall  see  that  there  are  few,  if  any  remedies,  the  action  of 
which  is  as  well  understood  as  electricity.  We  do  not  exacdy  and  ex- 
haustively know  its  action  on  the  nerve-centres,  neither  do  we  exactly 
and  exhaustively  know  its  action  on  the  peripheral  muscles  and  nerves, 
and  if  this  objection  is  to  hold  good  against  galvanization  of  the  nerve- 
centres,  it  must  also  hold  good  against  all  peripheral  galvaniiation  and 
faradization. 

3.  That  it  is  dangerous  to  apply  the  galvanic  current  through  the 
head  and  neck. 

Dr.  Anstie,  who  is  a  very  strong  friend  of  electro-therapeutics  in 
general,  in  his  excellent  work  on  neuralgia,  speaks  of  galvanization  of 
the  cervical  sympathetic  as  a  method  to  be  either  avoided  or  used  with 
very  great  caution,  and,  in  support  of  this  view,  adduces  a  case  in  his 
own  practice.  In  a  review  of  Tibbetts's  little  "  Hand  book  of  Vfedical 
Electricity,"  Dr.  Anstie  repeats  this  caution,  and  expresses  apprehen- 
sion lest  great  injury  may  follow  the  use  of  this  method  of  treatment. 
The  error  of  Dr.  Anstie  consists,  not  in  enjoining  caution,  .since  this  is 
needed  in  all  electrical  applications,  but  in  suggesting  the  -idea  that  gal- 
vanization of  the  cervical  sympathetic  is  a  dangerous  procedure,  likely 
to  pro<luce  serious  results.  Quite  recently  Dr.  Brown  S<ii]uard,  in  a 
foot-note  to  one  of  his  .series  of  very  able  papers,  speaks  as  follows: 

"  Recently,  some  bold  physicians  have  tried  to  galvanize  the  cervical 
sympathetic  nerve.  This  1  did  once  in  1855  on  my  eminent  friend 
Prof  Ch.  Rouget,  to  try  to  relieve  him  from  a  most  violent  headache. 

**  The  effect  was  all  we  could  desire  against  the  headache  ;  but  the 
galvanic  current,  acting  at  the  same  time  on  the  sympathetic  and  the 
vagus  (the  simultaneous  excitation  of  these  two  nerves  cannot  be 
avoided),  produced  such  a  dangerous  syncope,  that  I  promised  myself 
that  I  would  never  try  again  to  apply  galvanism  to  the  cervical  sympa- 
thetic of  man."* 

The  best  reply  to  objections  of  this  nature,  coming  from  men  who 
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arc  justly  distinguished  in  the  departments  to  which  their  lives  are  de 
voted,  is  found  in  the  argumentum  ad  Jwminem. 

Dr.  Anstie  highly  recommends  hypodermic  injections  of  morphine  in 
neuralgix 

If,  now,  we  should  say  to  him  that  we  knew  of  a  case  where  an  injec- 
tion  of  moqjhine  had  ahnost  instantly  caused  niost  alarming  symptoms, 
and  of  another  case  where  it  had  apparently  caused  death,  coascqucDdjr 
we  had  re3olve<l  never  again  to  use  that  method  of  treaUiient,  he  would 
reply  that  hyjMjdermic  injections  had  been  tested  for  years  at  the  hands 
of  many  of  the  best  physicians  of  our  time ;  that  those  who  are  roost 
familiar  with  them  are  usually  the  most  attached  to  them  ;  and 
when  i)roperly  administered  with  the  caution  that  all  p>otcnt  rci 
measures  demand,  and  the  skill  that  only  experience  can  give,  dief 
need  seldom  or  never  do  serious  harm ;  and  that  tlie  infinitely  sitttQ 
chance  of  their  doing  harm,  when  thus  properly  used,  is  so  far  over- 
shadowed, by  the  inj^nite  relief  which  they  unquestionably  do  afTord,  as 
to  be  hardly  worthy  of  consideration  in  the  practice  of  those  wJio  have 
made  themselves  familiar  with  their  administration. 

Dr.  Hrown-S6quard  has,  among  very  many  other  researches,  d 
well  of  the  profession  for  having  given  an  explanation  of  the  aci 
ergot  on  unstriped  muscular  fibre,  and  for  having,  on  the  basis  of  tHis 
explanation,  suggested  the  value  of  that  remedy  in  congestion  oftJie 
spinal  cord. 

If,  now,  we  should  say  to  him  that  there  are  cases  where,  with 
well-defined  symptoms  of  hypenemia  of  the  cord,  ergot  at  once  Jiggr»> 
vates  the  symptoms,  we  should  but  state  the  truth  of  our  experience. 
He  could  reply,  however,  \vith  perfect  justice,  that  just  as  there  are  those 
in  whom  a  single  strawberry  will  cause  most  disagreeable  s>'mptonis^  or 
those  to  whom  a  mouthful  of  mutton  is  a  mouthful  of  poison,  jusC  so 
there  are  those  who,  whatever  tlieir  disease  maybe,  cannot  bear  etgot; 
but  that,  when  wisely  used  by  those  who  know  what  they  are  about,  it 
is  a  remedy  of  vast  and  various  efficacy. 

For  hypodermic  injections  of  ergot,  substitute  galvanization  of  the 
cervical  sympathetic,  and  our  reply  is  complete.  There  are  those  to 
whom  electricity,  however  administered,  is  a  perfect  poison,  and 
were  not  born  to  be  treated  by  this  most  potent  of  remedial 
There  are  those  who  can  bear  it  in  well-nigh  limitless  doses. 

There  are  those  who  can  bear  it  and  who  are  benefited  by  it,  b*il  ool 
when  given  with  delicacy  and  great  caution.     Now,  it  is  possible  to 
galvanize  the  cervical  sympathetic  in  all  three  classes,  except  tl^c  fitrsi, 
without  doing  any  serious  injury,  permanent  or  temporary,    JSvtn 
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who  are  the  most  susceptible  to  electricity^  for  whom  this  force  can  nevef 
be  beneficial,  can  yet  be  treated  by  the  method  of  central  galvanization^ 
with  very  mild  currents  and  short  sittings,  and  a  rheostat  of  some  kind 
to  avoid  interrupting  the  current,  loithout  any  permanent  or  temporary 
injury. 

All  our  most  potent  remedies  are  dangerous  when  used  dangerously 
4.  That  the  cases  which  have  been  treated  by  galvanization  of  the 
brain  have  been  so  carelessly  and  unscientifically  studied,  and  so  reck- 
lessly reported,  that  they  have  no  scientific  value.  Dr.  Cyon,  in  par- 
ticular, declares  that  the  observations  that  are  given  as  proofs  of  the 
curative  effects  of  galvanizing  the  brain  are  valueless.  This  statement 
is  unfair.  What  is  true  of  certain  electro-therapeutists  is  not  true  of 
all.  The  therapeutics  of  galvanization  of  the  brain  have  been  studied 
by  men  who  have  been  trained  to  the  habit  of  close  and  discriminating 
observation  ;  who  recognize  and  bear  constantly  in  mind  the  enormous 
complications  that  beset  all  therapeutics  ;  who  have  worked  under  the 
ga2e  of  watchful  skeptics,  and  with  the  everlasting  motto,  post  hoc  ergo 
propter  Jioc,  incessantly  ringing  in  their  ears;  men,  too,  who  have  car- 
ried conscience  into  science,  and  have  reported  the  results  to  the  world 
just  as  they  were  revealed  to  them. 

It  is  of  very  little  practical  consequence  whether  these  effects  are  due 
to  the  direct  passage  of  the  current  through  the  brain  or  to  the  reflex 
action  of  the  current  on  the  brain  through  the  sensory  nerves.  Reflex 
action  comes  in  to  explain  the  therapeutic  effects  of  electricity,  however 
and  wherever  applied.  Granting  for  one  moment,  what  is  not  true, 
that  mild  currents  cannot  penetrate  the  brain,  this  would  be  no  reason 
whatever  for  abandoning  the  electrical  treatment  of  the  brain  so  long 
iis  experience  shows  that  benefit  is  derived  thereby. 


CHAPTER  XIIL 


THE    USE   OF    STATICAL    ELECTRICITV  (FRANKLINIZATION). 

We  have  already  seen  that  statical  electricity — which   in  the 
history  of  electro-therapeutics  was  the  only  form  of  electricity  th&t! 
recognized — has,  since  the  discovery  of  galvanism,  and  still  tnore  stocc] 
the  discovery  of  faradisni,  fallen  into  relative  disfavor,  and  is  now 
little  used  either  in  the  electrical  diagnosis  or  electrical  treaiinenlof  di&>| 
ease. 

The  causes  for  this  decline  in  popularity  of  a  form  of  electrit 
whicli   is  certainly  of  great  absolute  value,  and  by   means  of  wliic 
stimulating,  tonic,  and  sedative  effects  of  a  most  striking  character  ire  I 
unquestionably  produced,  are  the  following : 

1.  It  is  a  form  of  electricity  that  cannot  be  readily  controUed  or  I 
ized. 

The  very  essence  of  statical  electricity  is  diffusion  ;  it  is  evcrprljicre*  I 
in  our  bodies,  in  the  earth,  and  in  the  air.     Its  tension  is  cnorniouSi  Aod  I 
its  laws  are  not  yet  fully  understood.     A  strong  argument  brought  by  i 
Diichenne  against  the  use  of  statical  electricity,  and  so  far  forth  a  Juil 
one,  was  that  it  could  not,  like  the  faradic  current,  be  well  localized    Ai 
a  matter  of  fact,  no  form  of  electricity  can  be  localized  in  the  bo«iy  m 
the   stiict   sense  of  the  word,    for    even    in    the    most    careful    and 
restricted  applications  of  faradism  or  galvanism  there   is  more  or  less  j 
diffusion,  but  statical    electricity  as  generally  used  is  very  widely 
fused. 

2.  The  apparatus  for  the  medical  use  of  statical  electricity,  even  I 
of  most  recent  construction,  are  more  or  less  uncertain  in  their  actifll 
are  dependent  on  atmospheric  conditions,  and  are  withal   bulky  ladl 
expensive. 

3.  A  longer  time  is  generally  required  for  the  successful  use  of  statial  ^ 
electricity  than  for  the  use  of  galvanism  or  faradism;  none  of  the  ordi- 
nary methods — localized  faradization  or  galvanization,  central  galvani/i^ 
tion  or  general  faradization — require  as  much  time  as  is  generally  gives 
to  the  stances  of  franklinization. 
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4.  Experience  shows  that  statical  electricity,  however  administered,  is 
comparatively  useless  in  many  diseases  in  which  galvanization  or  fara- 
ion  is  most  successful.  On  the  other  hand,  it  is  yet  lo  be  demon- 
titrated  that  there  are  any  contlitions  that  are  better  met  by  the  use  of 
statical  electricity  than  by  a  skilful  use  of  the  galvanic  and  faradic  cur- 
rents. 

Professor  Schwanda,  of  Vienna,  among  others,  has  revived  the  atten- 
tion of  the  profession  to  the  use  of  statical  electricity  by  his  reports  of 
successes  obtained  by  Holtz's  electrophorus  machine.  (For  descrip- 
tion, see  Electro-Physics,  p.  19.)  He  claims  that  it  produces  the  same 
effects  in  paralysis  as  the  faradic  current ;  thai  in  cutaneous  anaesthesia 
it  is  more  efficacious  than  either  the  faradic  or  galvanic  current ;  that 
it  acts  as  a  general  tonic.  Something  more  than  these  general  state- 
ments will  be  necessary  to  reintroduce  statical  electricity  into  practice. 

No  evidence  is  adduced  to  show  that  the  tonic  effects  of  statical 
electricity  are  in  any  way  comparable  to  those  which  are  obtained  from 
general  faradization  or  central  galvanization.  It  is  difficult  to  conceive 
how  it  can  be  more  effective  in  cutaneous  anaesthesia  than  faradisation, 
which  is  so  uniformly  successful  in  this  condition  that  it  might  almost  be 
called  a  specific  for  it.  Very  few  affections  yield  so  readily  to  any 
method  of  treatment  as  functional  anaesthesia  to  faradization. 

As  compared  with  the  faradic  current  alone,  statical  electricity  would 
appear  to  have  some  advantages  in  the  treatment  of  simple  neuralgia, 
but  as  compared  with  both  the  galvanic  and  faradic  currents  no  such 
advantage  is  demonslrated. 

In  spite  of  all  these  opposing  reasons,  statical  electricity  has  contin- 
ued 10  be  used  by  a  few  ex[>erimeiiters  even  in  these  eras  of  galvanization 
and  faradization.  Besides  Professor  Schwanda,  above  quoted,  elec- 
tricity from  frictional  machines  has  been  used  by  Drs.  Golding  Bird  and 
Gull,  in  Guy's  Hospital ;  by  Dr.  Clement,  of  Frankfort ;  and  in  the  Lon- 
don Hospital  for  the  Paralyzed  and  Epileptic,  by  Dr.  RadclilTc  and  others* 

The  methods  of  using  statical  electricity  that  have  been  most  fre- 
quently employed  are  the  electric  bath,  electrization  by  sparks,  and 
shocks  from  the  Ley  den  jar. 

The  electric  bath  is  either  electropositive  or  electronegative.  In  the 
electropositive  bath  the  patient  is  placed  on  an  insulating  stool,  holds 
the  prime  conductor,  and  receives  the  electricity  accumulated  on  the 
glass  plate,  while  the  negative  electricity  is  discharged  from  the  cushions 
through  a  metallic  chain  connected  with  the  ground. 

The  surface  of  the  body  of  the  patient  becomes  charged  with  positive 
electricity,  while  the  surrounding  air  is  negatively  electrified. 
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It  is  claimed  that  during  the  application  the  secretions  and  dia 
tion  are  slimulated.     The  patient  should  take  the  bath  for  two  or  dut< 
hours  daily. 

In  the  electro-negative  bath,  the  patient,  seated  as  before  on  an  inso- 
lating  stool,  receives  the  negative  electricity  from  the  cushions^  while  lie 
positive  is  discharged  from  the  glass  plate  through  a  metallic  chain  con- 
nected with  the  ground.  The  cushions  must  be  insulated  by  glass.  It 
is  claimed  that  the  electronegative  bath  has  a  debilitating  effect ;  thai  it 
deprives  the  body  of  its  normal  electricity  ;  that  it  produces  effects  sitmiar 
to  those  that  are  obtained  by  bloodletting.  The  process  of."cha;pflj 
the  patient"  has  sometimes  a  most  charming  effect  in  neuralgia. 

Electrization  by  sparks  is  accomplished  by  drawing  off  the  electridtf 
from  a  patient  charged  in  the  electric  bath  by  means  of  some  metallic 
conductor  or  by  the  hand  of  the  operator,  the  conductor  or  hand  of  lie 
operator  becoming  negative  and  uniting  with  the  positive  electricity  cf 
the  patient  with  a  snapping  noise  and  a  flash  of  light.      Electrizatioa  br 
sparks  is  accompanied  by  a  jjricking,  stinging  sensation,  and,  when  the 
sitting  is  protracted,  is  followed  by  redness  of  the  skin  and  a  peatliar 
eruption  of  white  circumscribed  wheals.     The  eruption  usually  appcits 
in  five  or  ten  minutes.     It  disappears  in  the  course  of  an  hour.     SoID^ 
times  the  sparks  are  drawn  through  flannel,  the  end  of  the  insulated  coo- 
ductor  being  applied  to  the  flannel,  and  passed  up  and  down  over  thci 
region  that  is  to  be  affected.     A  rapid  succession  of  sparks  may  p«>«| 
duce  vibrations  in  the  superficial  muscles.     Electrization  by  sparks  bill 
been  found  efficacious  in  paralysis,  amenorrhcea,  and  chorea^  andnuuifl 
other  affections. 

Shocks  from  the  Leyden  jar  are  produced  by  bringing  the  body,  of 
that  portion  of  it  on  which  we  wish  to  operate,  in  the  circuit  between 
the  outer  and  inner  coating,  A  shock  may  be  sent  through  the  inn* 
and  chest  by  placing  one  hand  on  the  knob  connecting  with  the  itinca 
coating  (containing  the  positive  electricity),  and  the  other  hand  on  ti< 
outer  coating  of  the  jar  containing  the  negative  electricity,  A  shodk 
may  be  sent  through  the  pelvis  by  applying  one  end  of  a  branched  con- 
ductor connected  with  the  inner  coating  to  the  back,  and  applying  tiie 
outer  coating  of  the  jar  against  the  hypogastric  region.  In  the  same  wajr 
electricity  of  the  Leiden  jar  may  be  localised  in  any  part  of  the  body. 
The  shock  produced  by  the  Leyden  jar  is  sudden  and  disagreeable. 

More  recently  still,  Dr.  Arthius,  of  Paris,  has  urged  the  clamis  of 
statical  electricity.     His  httle  work*  is  loan  extreme  degree  unsden- 

•  Treatment  of  Nervous  and  Rheumatic  Affections  by  Static  Bleclricity,     By  Dl 
A.  Arlhiiu.    Trasslated  from  the  Frencb  by  J.  II.  Elheridge,  M.D.   Clucaeo»  1S74 
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tific  and  unscholarly,  and  the  author  is  evidently  ignorant  to  a  profound 
degree  of  the  whole  subject  of  electro-therapeutics. 

The  cases  he  recites  are,  however,  of  considerable  interest  as  showing, 
in  spile  of  the  imperfect  manner  in  which  they  are  detailed,  that  very 
important  sedative  and  tonic  effects  can  be  obtained  by  statical  eleo 
tricit)'. 

His  best  results  seem  to  have  been  obtained  in  neuralgia,  and  in 
hysteria  and  allied  affections,  and  other  conditions  of  debility — the  class 
of  cases  where  general  faradization,  central  galvanization,  and  galvaniza- 
tion of  the  brain  and  cervical  sympathetic  are  most  successful. 

There  is  no  evidence  that  there  are  any  advantages  in  the  use  of  stati- 
cal electricity,  even  as  a  general  tonic  ;  all  the  sedative  and  tonic  effects 
that  have  been  claimed  by  Arthius,  or  by  any  or  all  of  the  advocates  of  sta- 
tical electricity,  are  every  day  obtained  by  skilful  and  varied  use  of  fara- 
disni  and  galvanism.  It  is  not  impossible,  however,  that  statical  electricity 
properly  administered  may  have  some  therapeutic  advantages  over  an 
equally  skilful  use  of  faradism  or  galvanism.  It  is  not  impossible  that 
temperaments  that  will  not  bear  faradization  or  galvanization  in  any 
degree  may  bear  Franklinization.  We  only  claim  that  with  statical  elec- 
tricity, as  with  electric  baths,  no  such  claim  has  yet  been  established,  and 
that  it  cannot  be  established  except  by  careful  and  protracted  study  by 
those  who  are  masters  in  the  whole  realm  of  electro-therapeutics. 

Apparatus  /or  Franklinization. — Holtz's  machine  (see  Electro- 
Physics,  p.  19)  or  Carry's  modification  of  Holtz's  machine  is  probably 
the  best  for  electro-therapeutical  purposes,  for  the  reason  that  it  is  more 
trustworthy  and  convenient. 

Besides  the  machine^  there  are  needed  for  electro-therapeutical  pui  • 
poses,  an  insulator  or  electric  stool^  resting  on  glass  feet,  and  covered 
with  a  non-conducting  varnish,  to  make  the  instdation  more  thorough, 
Arthius*  makes  the  insulator  large  enough  to  hold  a  chair,  in  which  the 
patient  sits.     The  feet  of  the  patient  may  be  placed  on  a  glass  plate. 

The  excitaiors  are  made  of  metal,  with  a  point  at  one  end  and  a  ball 
at  the  other.  A  chain  connects  the  excitator  with  the  ground  and  ia 
kept  from  touching  the  patient  by  a  ring  attached  lo  a  glass  rod  in  the 
left  hand  of  the  operator.  These  excitators  are  made  of  various  metals, 
and  it  is  claimed  by  Arthius,  that  particles  of  ihe  metal  are  transported 
into  tlic  body  of  the  patient,  and  that,  therefore,  differential  therapeutic 
results  follow  different  metals.  1 1  is  undeniable  that  very  minute  quantities 
of  the  substance  of  the  excitator  are  transported  to  the  surface  of  the 
body  from  the  metallic  electrode,  even  if  they  do  not  really  penetrate  be^ 

•  Op.  cit.,  p.  38. 
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Pio.   1 1  a. 
Method  of  Franklinization. — (Arthius.) 

ncath  the  skin  ;  for  that  would  be  in  full  accordance  with  what  is  knovn 
of  electro -physics  (see  Electro-Physiology,  p.  190).  The  other  part  of 
the  claitn,  that  the  therapeutic  results  of  the  treatment  vary  with  the 
kind  of  metal,  is  very  difficult  to  establish.  Dr.  Arthius  claims  that  the 
patient  appreciates  different  sensations  with  different  njetals;  that  tb< 
odor  also  varies,  and  that  the  patient  can  distinguish  after  some  practice 
the  metal  used  by  the  odor ;  that  there  is  an  appreciable  loss  in  waste 
of  the  metal  used ;  and  finally  that  where  copper  excitators  arc  used  there 
is  more  relief  than  with  other  metals. 

Granting  all  the  above  claims,  it  may  be  doubted  whether  it  is  noC 
better  to  give  our  remedies  in  the  usual  way,  by  the  mouth,  or  hypoder* 
mic  injections,  and  give  electricity,  so  far  as  possible,  pure  and  uncooi- 
bined. 


CHAPTER  XIV. 

ELECTRIC   BATHS. 

[OD  of  employing  electricity  that  has  long  been  popular  among 
hough  it  is  not  yet  fully  introduced  into  science,  is  the  electric 
e  methods  of  giving  electric  baths  are  various.    The  requisites 
hing  tub  of  some  form,  partly  filled  with  water,  contrivances 
g  the  cuirent — either  faradic  or  galvanic — through  the  water  in 
patient  is  immersed.     An  electric  bath  can  be  extemporized 
Unary  bath-tub.     The  patient  may  rest  his  feet  on  one  pole  in 
and  hold  the  other  pole  in  his  hand.     In  that  position  the 
le  patient  becomes  part  of  one  or  the  other  pole,  and  the  cur- 
through  him  from  one  pole  to  the  other,  just  as  it  would  if 
•  no  water  in  the  bath ;  or  at  most  the  only  effect  of  the  water 
lughly  saturate  die  part  of  the  body  in  contact  with  the  pole 
til.     This  method  is,  of  course,  exceedingly  crude,  and  can 
avc  any  conceivable  advantage  over  a  similar  position  of  the 
idc  of  the  bath,  and  yet  it  has  been  not  a  little  used, 
^.xell  uses  the  following  form  of  electric  bath.     The  tub  is 
:  ii.xry  shape,  but  the  metallic  connections  are  so  made  that 
■  .\nnot  avoid  passing  through  the  body  of  the  patient.    One 
■■  \  c()pi)er  plate — ^is  at  one  end  of  the  tub,  constituting  a 
^^  -tiirface,  and  the  other  pole — also  a  broad  metallic  plate 
::j  other  end.     Both  plates  are  under  the  water.     At 
.:.  ;i  board  is  placed,  at  a  little  distance  from  the  pole. 
-'  :i  slit  of  moderate  size.     Against  this  slit  rests  the 
v.  i>ile  his  feet  may  or  may  not  press  against  the 
.. !  t:nd  of  the  tub.    By  this  arrangement  the  cur- 
...li  the  back  of  the  patient,  and  from  the  back 
liiubs.     Indeed,  the  back  of  the  patient  fits 
-lit  of  the  wooden  rest,  that  the  current, 
'tiir  body. 
;!!»iHty  of  the  body  as  compared  with 
■  '  '  ■  human  body  is  composed  mostly 
>:ilts  J  it,  therefore,  conducts  bet- 
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to  be  of  real  value,  must  be  not  only  numerous,  but  extended  orer  a  kqg 
period. 

The  question  whether  substances  can  be  introduced  into  the  body  a 
removed  from  it  by  electricity,  wiU  be  discussed  in  the  secticMi  on 
electro-surgery. 

General  Rules  for  giving  Electric  Baths, — In  the  use  of  electric  baths 
we  should  be  guided  by  some  of  the  same  general  principles  that  gnide 
us  in  the  use  of  electricity  by  other  methods.  The  temperament  of  tbe 
patient  should  be  studied,  and  in  the  length  and  strength  of  the  bada 
and  in  the  frequency  with  which  they  are  given  we  should  be  directed 
by  the  peculiarities  of  each  case. 

It  is  not  well  to  take*  an  electric  bath  just  after  a  full  meal,  nor  is  it 
usually  well  to  take  exhausting  exercise  immediately  after  a  bath,  e^ 
dally  for  the  delicate  and  nervous.  The  temperature  of  the  water 
should  be  about  that  of  the  body,  and  may  range  between  95  and  105° 
Fahrenheit.  The  patient  may  remain  in  the  water  from  5  to  25  min- 
utes. There  appears  to  be  no  danger  of  catching  cold  after  taking  aa 
electric  bath,  even  when  the  water  is  quite  warm.  One  effect  of  the 
electricity  would  appear  to  be  to  give  tone  to  the  cutaneous  vessds,  11 
that  there  is  less  liability  to  take  cold  than  after  a  simple  warm  batL 


CHAPTER  XV. 
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*ER  this  head  we  include  hysteria,  in  the  ordinary  sense  of  that 
oetirasthenia,  or  nervous  exhaustion;  hypochondriasis  and  rael- 
lia;  spinal  irrilalion,  with  the  manifold  sjTiiptoms  with  which  it 

ted  ;  insomnia  ;  and  astraphobia,  or  fear  of  lightning. 

give  hysteria  and  allied  affections  a  prominent  position   in  the 

portion  of  this  work,  because  it  is  a  class  of  diseases  for  which 

ical  treatment  is  especially  adapted,  and  in  which  its  success  is 

remarkable.     This  fact  is  not  generally  appreciated,  for  the  reason 

the  profession  have  looked  upon  electricity  as  a  stimulant  merely, 

have  not  fully  recognized  its  sedative  and  tonic  properties,  and 

have  confined  their  attention  largely  to  paralysis,  as  the  one  dis- 

above  all  others  to  be  treated  by  this  agent. 

IccirO'dia gnosis. — Usually,  though  not  necessarily,  there  is  exces- 

sensitiveness  to  the  electric  current  in  all  parts  of  the  body.     Pa- 

soraetimes  can  bear  only  the  mildest  currents.     In  some  cases 

a  mild  current  will  not  be  borne  on  the  middle  of  the  back,  which, 

llh,  is  usually  so  little  sensitive.     Reflex  sensations  may  be  ob- 

during  electrization  of  hysterical  patients.     Irritation  of  the  dis- 

«idc  of  the  body  may  be  sensitively  felt  in  the  healthy  side. 

'imes  there  is  eapacity  for  bearing  very  strong  currents  without 

7',  e7'en  when  there  is  great  hyperasthcsia.     The  electro  diagnosis 

of  h^-sterical  paralysis  will  be  presented  under  that  disease. 

Treatment. —  Hysteria  is  a  constitutional  disease,  and  demands  con- 

tional  treatment.     To  attempt  to  chase  after  and  direct  the  appU- 

of  electricity  to  each  special  symptom  as  it  appears,  is  unphilo- 

ical  and  usually  unsuccessful.     General  faradization  and  central 

nization  are  methods  of  electrization  that  are  indicated  for  hysteria. 

ndcT  whatever  symptoms  it  may  be  developed,  our  chief  and  best 

:Jts  have  been  obtained  by  these  methods.     This  general  treatment 

lloes  not,  of  course,  dispense  with  localized  electrization  of  paralyzed 

Huscles,  or  special  attention  to  any  localities  where  the  disease  is 
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for  the  time  directed.     Diseases  of  the  sexual  organs,  h>'st«rical  hie 
cough  or  cough,  aphonia,  or   incontinence  of  urine,  may  somettn)ci 
need  localised  electrization  ;  but  these  symptoms  frequently  yield  und 
general  faradization  or  central   galvanization,  even  when  no   speciall 
attention  is  given  to  the  diseased  parts.     In  nearly  all  cases,  except,! 
perhaps,  long-standing  paralysis,  it  is  much  better  to  dispense  with  ihe\ 
local  than  the  general  treatment.     There  are  cases,  however,  in  which 
the  symptoms  of  rigid  contractions  of  certain  muscles  are  most  persistent  i 
and  painful  in  character.     In  such  conditions  of  the  affected  muscles  j 
galvanization  should  never  be  omitted.     In  cases  of  extreme  h)-j)cr-| 
aesthesia  it  may  be  necessary,  as  Benedikt  advises,  to  place  the  paUenM 
under  the  influence  of  an  ansesthetic  while   the  application  is  made*] 
Strong  currents  do  not  appear  to  be  injurious  in  such  cases. 

Prognosis. — The  behavior  of  hysteria  under  electrization  is  as  caprir 
cious  and  inconsistent  as  are  its  symptoms.     Some  cases  yield  to  ) 
eral  electrization  with  wonderful  rapidity ;  others,  apparently  no  ' 
are  singularly  obstinate.     On  the  average,  llie  prognosis  is  so  favors 
that  no  case  should  be  abandoned  without  a  fair  trial  of  this  method  of  | 
treatment.     Under  peripheral  electrization  the  results  are  usually  \ 
satisfactory,  since  the  relief  of  the  local  symptom  is  by  no  means  a  ( 
of  the  morbid  constitutional  condition. 


Viottnt  hysterkoi  tymptoms  dependent  on  suppressed  menstruation  uJltvimUd  tft^ 
stances  of  general faradiaation  and  ioealized  gahfttMitatioH. 

Case  I. —  A  most  violent  and  persistent  case  of  hysteria,  in  the  person  of  a  inuric4 
lady,  aged  40,  came  under  our  observation  ihroiigh  tlie  kindness  of  Dr.  Oliver  Wliite.  . 
The  patient  was  in  bed,  suffering  from  violent  paroxysms  of  allrmatc  wec].i*ng  joi  I 
screaming.     The  hands  and  feet  were  cold,  the  pulse  feeble,  and  the  pain  in  lh«  heal  I 
was  constant,  and  of  the  most  severe  character. 

The««  symptoms  had  continued  for  nearly  forty-eight  hours,  and  tn  order  to  •wrt 
ieriou5i  consequences  it  seemed  as  if  in  some  way  relief  must  soon  tie  aflbrdeil.  Tte 
menslrtjal  period  was  delayed  nearly  two  week*,  and  to  this  circumstance  h  ■» 
possible,  in  pari,  to  allribulc  the  attack.  The  patient  was  submitted  to  thoiWCk 
general  faradiiatbn,  and  immediately  after  a  galvanic  current  from  eight  oeQki 
as  neatly  as  possible  localized  in  the  uterus.  These  efforts  weir  followcti  by  deciM 
alleviation  of  the  symptoms,  and  a  tolerably  quiet  night  was  the  restitt.  The  me 
however,  did  not  appear,  and  on  the  following  night  we  gave  again  the  same  Ottf- 
ment,  slightly  increasing  ihe  tension  of  the  galvanic  current.  Before  mominjj  n**- 
itruation  became  manifest,  and  ihere  was  no  further  evidence  of  nervous  dbtBrV 


Nearly  a  year  subsequently  this  patient  experienced  another  attack  of  like  dMtac 
ter,  and  substantially  the  same  treatment  again  relieved  her  completely  vithiB  lb(^ 

eight  hours. 
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Hysteria  of  one  year'  i  standing  in  a  married  lady,  following  parturition  ;  strangt 
and  indefinite  sensations  in  the  legs  ;  tickling ,  crawling,  prickings  waving,  beat- 
ing,  founding,  heaz'ing,  rolling  sensations  over  head  and  body ;  imaginary  s-well' 
ing  of  the  body ;  Jits  of  weeping  and  great  despondency — Rapid  and  decided 
imprirvement  under  central  galvannation  with  strong  currents,  after  failure  of 
general  faradixation — Cod-Uvtr-oil  emulsion  and  counter-irritation  used  at  tht 
same  time. 

Case  II.— Mrs.  B.,  a  married  lady,  with  two  children,  was  referred  to  us  Novem- 
ber  5,  1872,  by  Dr.  Coakling,  of  Brooklyn. 

The  patient,  though  a  lady  of  unusual  iiUellii^ence  and  great  strength  of  will,  Iiad 
for  nearly  a  year  been  a  victim  to  many  of  the  worst  symptoms  of  hysteria.  The 
syrnplums  apjjcared  ten  days  after  the  birth  of  her  second  child  ;  up  to  that  time  her 
health  had  been  almost  perfect.  She  came  from  a  family  in  whom  there  was  some 
tendency  to  consumption,  and  she  bad  lost  two  s,isters  by  that  disease.  A  short  time 
before  the  birth  of  her  secund  child,  she  had  fallen  down  stairs  and  had  struck  on  the 
bock  of  her  head.  The  query  arose  whether  that  might  not  have  had  something  to 
do  with  her  disease.  The  symptoms  came  on  in  tl»e  night,  and  quite  suddenly.  She 
became  excessively  nervous,  almost  wild,  and  the  physician  was  sent  for  and  succeeded 
in  calming  her  ;  then  followed  a  long  catalogue  of  woes.  On  the  top  of  the  head 
vras  a  constant  sensation  of  shaking  or  agitation,  or  thrilling,  as  she  described  it,  and 
heaving,  rolling,  beating,  waving,  pounding  sensations  were  felt  in  the  head  and  over 
the  body.  There  had  been  tnanty  attacks  of  weeping;  at  all  times,  though  naturally 
hopeful,  she  was  cast  down,  and  imagined  she  did  not  love  as  she  should  one  of  her 
children.     The  general  nutrition,  as  usual  in  such  cases,  was  well  maint.aincd. 

The  patient  had  tried,  with  great  thoroughness,  general  faradization  but  without 
substantial  service. 

We  used  on  her  mainly  central  gahtanisation,  combined  with  the  u.se  of  cod-liver- 
otl  emulsion,  and  mild  counter-irritation  over  the  tender  vertebrae. 

The  patient,  with  all  her  nervousness,  bore  the  gahanic  airrent  in  enormous 
doses :  it  seemed  to  be  impossible  to  injure  her  by  over-elect rizat ion.  We  soon  found 
that  the  stronger  the  currents,  and  the  longer  the  applications,  the  greater  the  benefit. 
Even  through  the  brain  strong  currents,  now  and  then  interrupted,  did  no  harm. 
\  She  soon  bc^ti  to  improve,  and  continued  to  improve  not  only  during  the  three 
I  months  of  treatment,  but  subsequently,  and  there  was  in  this  improvement  a  consid- 
erable degree  of  permanency. 


I  In  the  above  case  there  were  facts  of  great  interest.  First,  the  ex- 
traordinary tolerance  in  a  highly  nervous  patient  of  the  galvanic  cur- 
rent ;  and  secondly,  the  supreme  advantage  of  central  galvanization 
over  general  faradization  in  severe  functional  diseases  of  the  central 
nervous  system. 

A  condition  where  the  superiority  of  central  galvanization  seems  most 
I  apparent  is  that  which  so  often  accompanies  the   "change  of  life." 
[Many  of  the  symptoms  of  this  familiar  nervous  state  are  similar  to  those 
recorded  in  the  case  above  detailed. 
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Hytteria  of  a  psyehkal  orif^n — Paroxysms  of  weeping — Pain  in  th%  gwt^mn 
gion—  Great  hyperxsthtsia — Improvement  under  general  faraditatitm.. 

Case  III. — The  case  of  a  young  unmarried  lady  under  the  professional  care  of 
H.  Gregory,  of  Harlem,  very  well  illustrated  sorac  of  the  main  points  of  the 
remarki. 

The  patient,  who  was  but  eighteen  years  of  age,  had  for  several  years 
victim  of  constitutional  debility  that  disqualified  her  for  indul^ng  in  any  consi< 
amount  of  exercise. 

This  debility,  however,  was  not,  as  she  asserted,  sufficient  to  account  foir  the  ladis* 
position  frequently  evinced  of  making  any  exertion.  Al  these  times,  whenever 
ascertded  the  stairs,  or  even  attempted  to  walk  across  the  room,  site  compL 
earnestly  of  severe  pain  in  the  left  ovarian  rejjion,  which  extended  down  the  left  mbA 
sometimes  even  the  right  leg.  She  was  at  all  times  excessively  )ow-i.piritcd.  nod 
usually  indulged  during  the  day  in  several  quiet  crying  spells.  When  her  paroxyvn* 
of  weeping  were  unusually  violent  (prcsentuig  more  of  the  hystericaj  char34:ter)  ibe 
cardiac  nerves  seemed  to  suffer,  as  evidenced  by  attack  of  palpitAtiou  with  dcrangol 
rhythm,  Tliese  paroxysms  were  attended  by  greatly  increased  pain  in  the  ovarixa 
region,  and  this  pain  she  regarded  as  the  cause  of  all  her  unpleasant  symptoms.  The 
fact  that  this  part  was  exceedingly  sensitive  to  pressure,  while  the  right  side  was  v> 
sensible  to  ordinary  impre^sstons,  was  to  her  and  her  friends  additional  proof  that  htf 
nervous  condition  was  an  effect  and  not  a  cause  of  thi:i  local  irritation.  As  counter- 
irritation  and  the  usual  tonic  influences  indtcatetl  in  such  a  case  seemed  to  aflbrd  b»l 
little  or  no  relief,  her  phyiician  advised  electrization,  and  invited  us  to  treat  tbi 
patient.  A  gentle  faradic  current,  applied  with  the  hand  as  an  electrode  over  the 
left  ovarian  region,  caused  greater  pain  than  pressure  alone,  and  imniedi«lcl/  eadtad 
an  attack  of  crying. 

After  she  hail  been  treated  several  times,  and  had  become  familiar  with  tlie  onflv 
tiun,  it  was  interesting  to  notice  the  fact  that  if  her  atlentiun  was  en^a^  ■ 
eaiTicst  conversation  dturing  an  application,  the  current  excited  in  her  oo  naaMpO' 
tion  of  pain. 

If  her  mind  was  recalled  to  the  operation  on  hand,  the  part  su^ideniy  mmd  M»^ 
eountahly  became  as  sensitive  as  ever.  The  patient  continued  treatment  two  OMMitb^ 
and  received  twenty  general  applications. 

Uninterrupted  improvement  followed  our  endeavors.  She  gradually  gmiB«l  a 
strength  and  spirit.?.  Her  parox7sms  of  weeping  became  less  and  less  freqtwat  «tfl 
she  was  comparatively  free  from  them. 

As  she  improved  in  these  resf>ects,  the  irritation  in  the  left  ovarian  region  of  wliiob 
the  complained  gradually  left  her,  until  she  was  annoyed  by  it  no  more. 

There  is  one  symptom  occasionally  accompanying  hj-stericaU  condf* 
tions,  and  which  is  invariably  associated  with  hyperisesthesia  of  T  • 
that  we  do  not  find  given  in  the  descriptions  of  this  disease,  \ 
to  an  increased  redness  of  different  portions  of  the  surface  of  the  body. 
This  complication  is  annoying  under  any  circumstances^  but  mofv  c»fe 
cially  so  when  an  exposed  part  of  the  body,  as  the  dosc,  b  the  scat  d 
Jie  increaiied  color. 
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(  €9used  by  grief — Paroxysms  of  weeping — Unnatural  redness  of  skin  of 
arms  and  nose — Recovery  under  general  faradiaatian. 

^ASS  IV.— The  patient — a  young  lady  23  years  of  age — had  lost  her  sister  foui 
previoosly,  and  from  that  affliction  she  dated  all  her  symptoms.  Before  this 
EcXion  vbc  bad  enjoyed  almost  perfect  health  and  was  remarkably  buoyant  in  her 
pmtion.  During  her  sister's  illness  she  had  been  her  constant  attendant,  and  had 
Mme  reduced  considerably  in  strength. 

After  the  bttrial  all  strength  and  eneri^y  seemed  to  leave  her  :  the  appetite  was  last, 

li  lor  sereral  days  and  nights  slie  wept  continually,  neither  eating  nor  sleeping. 

''  a;j  in  a  measure  from  this  prostration,  she  tried  diange  of  scene,  hoping 

•pate  her  miserably  nervous  condition.     She  derived  but  little  benefit, 

'shcn  tt<  saw  her  her  condition  was  indeed  pitiaJ)le.    In  relating  how  miserably  she 

;  how  little  inclination  she  had  to  meet  her  dearest  friends;  how  the  sound  of 

diatresjeii  her;  and  what  terrible  choking  sensations  !,-he  constantly  experienced, 

tnrs  iluwoJ  thick  and  fast.      The  menstrual  function  was  jwrformed  with  perfect 

lly  ;  the  amount  of  blood  lo^^t  was  not  excessive,  and  was  accompanied  by  no 

All  !»er  organs  seemed  to  be  in  a  healthy  condition.     The  patient  called  espe- 

ilion  to  this  increased  redness  of  skin,  of  which  mention  has  been  made.     It 

:icDlarly  marked  upon  the  arms  and  nose,  and  when  she  felt  more  hysterical 

tuatl  the  redness  increased,  and  was  accompanied  by  an  annoying  sensation  of 

This  impairment  of  her  personal  appearance  weighed  upon  her  mind  constantly 

teemed  to  greatly  increase  her  distress.     Two  generid  applications  of  a  mild  faradic 

so  benetited  her  that  for  ihirty-sdx  hours  the  constriction  of  the  throat  ceased 

laoojr  ber.     As  she  continued  receiving  the  influence  of  electricity,  and  the  current 

iocreased,  she  improved  rapidly  in  her  general  condition,  and  after  eight  applica- 

ihe  heightened  color  which  so  atmoycd  her  was  entirely  dissipated,  and  with  it 

e^ery  other  unpleasant  symptom,  so  that  she  again  entered  society  aad  seemed 

life  as  well  as  ever. 

IQatoTtf — Violent  fxirvxysms  of  weeping — Great  mental  depression  verging  towards 
imantty  —Impairment  of  memory — Neuralgia^  atuesthesia,  and  dyspepsia — En^ 
Urt  retn>ery  under  general  faradization. 

Cask  V.— In  December,  1867,  Dr.  F.  D.  Wcisse,  of  thb  city,  consulted  us  re- 
fmling  the  condition  of  one  uf  his  lady  patients,  who  was  suffering  from  an  aggra- 
t«tcd  form  of  hysteria. 

Notwithstanding  his  best  endeavors,  the  case  seemed  to  resist  obstinately  every  form 
of  medication,  until  finally  he  resolved  to  place  her  under  the  tonic  influence  of 
fowral  electrization.  The  patient  was  a  married  lady,  aged  about  thirty-five.  Al- 
llwBgii  never  very  strong,  she  had  until  of  late  years  enjoyed  a  fair  degree  of 
knllh,  and  had  given  birth  to  several  children ;  her  whole  appearance  now  indicated 
exhaustion,  bat  there  was  no  evidence  of  any  serious  organic  difficulty, 
!ler  ajmptoms  were:  intense  mental  depression,  with  paroxysms  of  violent  crying; 
it  of  memory  ;  loss  of  appetite  ;  indigestion,  attended  with  an  excessively 
datuiencc ;  neuralgia  of  the  head ;  anaesthesia,  that  shifted  from  place  to 

At  dmes  the  depression  and  the  fits  of  weeping  which  so  frequently  overcame  her 
^dOMlyaaamed  the  Conn  of  insanity  that  her  nearest  relatives  had  seriously  con* 
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Eidered  the  question  whether  it  would  not  be  belter  for  her  to  be  conEQe<d  b  n 
asylum.  It  was  quite  common  for  her,  wilhout  any  appreciable  cause,  to  start  sud- 
denly from  her  chair,  scream,  and  partially  faint  Slie  would  sometLtues  weep  for 
hours,  and  yet  he  unable  to  a^^sign  any  specific  cau?^e  for  her  distress. 

On  the  occasion  of  her  first  \'isil  to  us  she  became  excessively  ner»-ous  »nd  maiii* 
fested  an  almost  childish  fear  of  the  operation.  When  she  was  ready  for  treumeu 
her  nervous  anxiety  had  so  much  increased  that  we  thought  it  best  to  prettHd  Bkercly 
to  make  an  application.  Her  feet  were  placed  upon  the  copper  pUte  to  which  tli« 
negative  pole  was  attached,  the  instrument  set  in  operation,  and  our  hand  as  an  elec- 
trode applied  to  the  back  of  the  neck.  No  current  passed,  however,  as  the  posttiv« 
electrode  had  been  disconnected  from  the  instrument.  As  vnm.  as  the  hand  of  the 
operator  was  applied  to  her,  she  declared  tliat  she  felt  the  electricity  tinylmg  tliruoci) 
her  whole  system  ;  but  further  remarked,  that  it  was  not  so  terrible  as  she  hail 
imagined.  We  were  able  at  the  next  visit  to  pass  a  mild  current  down  the  sptnc 
and  over  her  liver,  stomach  and  spleen.  Her  stomach  was  so  sensitive  that  ere* 
this  gentle  application  causc<l  pai»  uvcr  that  organ,  together  with  a  decided  feeliag 
of  faintnessv      At  the  third  \'isit  her  condition  mauifcsieil  marked  improvement. 

Her  appetite  had  improved  ;  she  was  less  despondent  and  nervous  ;  her  streogtb 
had  increased,  and  her  sleep  had  been  unusually  quiet  and  refreshing. 

A  very  decided  feature  of  her  changed  condition  was  the  fact  that  a  curr«a  of 
twice  the  intensity  of  that  previously  given  was  now  borne  without  the  slightest  di*- 
comfort. 

The  fourth  application  ameliorated  somewhat  the  distressing  flatulence  (rooa  wtil^ 
she  suffered,  and  after  the  fifth  it  ceased  to  annoy  her  to  any  very  coi»id«r»b(*  tt- 
tent,  while  her  neuralgic  pains  wcic  entirely  dissipated.  It  may  be  stated  thtt  U 
application  to  the  eyes  at  this  time  resulted  in  an  overpowering  drow$ineav  wfaidl 
lusted  twenty-four  hours.  On  January  8lh,  1868,  after  having  received  bat  d|^ 
applicationif,  and  having  been  under  treatment  but  about  three  weeks,  we 
up  the  results  as  follows  ; — 

Removal  of  mental  depression. 

Removal  of  paroxysms  of  weeping. 

Strengthened  memory. 

Almost  completely  relieved  of  flatulence  and  indigestion. 

Neuralgia  dissipated. 

Anaesthesia  completely  relieved. 

Increase  of  strength. 


This  patient  (in  whose  case  the  results  of  treatment  were  so  gratl 
ing)  was  not  suffering,  as  we  were  informed  by  her  physician,  from  a 
decided  derangement  of  the  sexual  apparatus. 

Hysterical  and  analogous  symptoms  are  frequently,  without  doobt, 
both  associated  with  and  dependent  upon  recognizable  uterine  difi* 
orders.  In  many  cases,  however,  these  symptoms  may  be  associated 
■with  and  perliaps  aggravated  by,  but  not  by  any  means  depcfideot 
upon,  such  disorders.  This  statement  would  seem  to  be  confinncU  bf  I 
the  experience  of  Dr.  Rockwell  at  the  N.  Y.  State  Woman's  Hoapaui  ' 
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He  has  found,  during  his  service  there,  that  symptoms  of  excessive  ner 
vousness,  insomnia,  impairment  of  motor  power,  etc.,  which  were  BMP' 
posed  to  be  merely  a  reflex  of  local  derangement,  have  frequently 
yielded  to  some  form  of  electrization,  before  any  manifest  change  has 
been  observed  in  the  condition  of  the  sexual  apparatus. 

Hypochondriasis  {^Pathophobia)  and  Mdancholia, — The  distinction 
between  hypochondriasis  and  melancholia  is  vital.  The  hypochondriac 
readily  appreciates  the  character  of  any  special  disease  from  which  he 
may  suffer,  but  he  has  a  most  exaggerated  conception  of  its  importance 
and  of  its  probable  results.  He  talks  much  of  his  symptoms,  and  un- 
ceasingly seeks  relief.  The  melancholic,  on  the  contrary,  possibly  suffers 
from  no  appreciable  disease;  or  if  any  evident  structural  or  functional 
trouble  exists  aside  from  the  recognized  mental  perversion,  it  is  un- 
heeded. As  \f audsley  expresses  it,  "  the  former  committing  a  murder 
would  certainly  be  hanged,  the  latter  probably  not."  The  tendency 
o(  the  melancholic  is  frequently  to  suicide — the  hypochondriac  clings  to 
life.  Intellectual  exertion  is  an  impossibility  for  the  melancholic;  the 
hypochondriac,  on  the  contrarj',  may  lead  the  highest  intellectual  life. 

The  one  suffers  from  such  perverted  habits  of  thought  and  feeling 
that  the  strongest  and  most  natural  affections  may  cease  to  exist ;  the 
other  retains  all  the  normal  warmth  of  feeling  towards  friends  and  rela- 
tives. 

Melancholia  is  a  more  advanced  phase  of  mental  perversion,  and  to 
this  advanced  and  more  serious  condition  hypochondriasis  not  unfre- 
quently  progresses. 

There  are  reasons  for  believing  that  the  sympathetic  nervous  system 
is  largely  at  fault  in  cases  of  hypochondriasis ;  and  that  if  not  demon- 
strably diseased  it  is  yet  the  medium  through  which  disease  of  the  other 
parts  reacts  on  the  brain,  and  produces  molecular  or  other  disturbance. 

The  two  leading  ideas  that  we  here  desire  to  impress  are,  firsts  that 
hypochondriasis  is  just  as  truly  a  disease,  or,  more  strictly  speaking,  a 
symptom  of  disease,  as  dyspepsia,  insomnia,  chorea,  neuralgia,  paraly- 
sis, or  insanity,  and  should  be  treated  accordingly.  The  popular  method 
of  neglecting  hypochondriacs  altogether,  or  of  administering //arr^t^j,  is 
not  scientific,  and,  except  in  rare  cases,  is  not  successful.  Secondly^ 
hypochondriasis,  when  not  dependent  on  serious  lesions  of  the  central 
nervous  system,  is  susceptible  oi  relief  and  of  positive  cure  under  the 
skilful  and  faithful  use  of  electricity.  Still  further,  we  believe — and 
the  results  of  our  own  cases  justify  the  belief— tliat  cerebral  disease  of  a 
more  pronounced  character  itself  may  be  relieved  by  electricity ;  and 
that  that  terrible  form  of  hypochondriasis  which  is  the  precursor  of 


cases  were  treated  by  the  first  and  second.] 

/fy/»ek*mdHssSs,  witk  Impoirmtnt  cf  the  funtticns  of 
mfwtjrjt — StHiory  tymfiiUHs  in  the  tjcttfmities,  with  somt 
rtsuU  of  estessive  mtntat  activity,  attd  dtftHtiint  in  fart 
tion — ImfroxHmeHi  under  general  faraJitatufn  and  a 
lu/te, 

Casb  VI. — Mr.  M.,  an  actor  of  twenty  years'  standing, 
by  Dr.  F.  L.  Harris,     The  patient  was  a  temperate  man, 
permiilcti.  rcjjular  in  all  his  habits :  but  the  character  of  his 
it  nixessary  fur  him  to  exercise  his  memory  through  a  series 
and  as  the  scqoeJ  proved  lo  a  roost  injurious,  extcut.     Two 
observe  that  his  intellectual  powers  were  failing  him.     Hii 
paired  anil  his  thoughts  so  confused,  that  he  found  it  utterly 
anything  new,  or  to  recall  readily  certain   "parti"  thai 
fwniliar.     tie  wa^  hypochondriacal  to  the  last  degree,  and  at  ih 
became  weak,  and  he  complained  of  sensory  symptoms  in  the  tij 
the  same  as  lbo$c  present  after  frostbite.     The  integrity  of 
markedly  impaired. 

The  sight  especially  had  failed  him  to  such  a  degree,  that  i 
he  could  read  al  alL     The  patient  was  exceedingly,  timid, 
the  treatment  proposed ;  but  he  was  at  once  submitted  to  a 
SMmft  of  general  faradiiation,  which  was  followed  by  an  ti 
provemcnt  in  the  power  of  locomotion.     After  a  day's  inl 
was  employed,  and  this  alternate  treatment  wa^  employed  for 

The  annoying  sensory  symptoms  disappcarcl ;  he  gained 
limbs,  and  was  more  hopeful  and  happy  ;  his  ^t^e^^th  of  vivioti 
and  when  we  last  saw  him  lliere  liad  been  sufficient  impr 
faculties  to  enable  him  succc»fully  lo   attempt  a  pwrfurmi 
learned  that  during  an  attempt  to  perform  on  a  subsequent  i 
unable  to  pursue  his  part,  and  was  led  oS'  the  stage.     This 

oveiy  was  not  complete ;  u  to  his  cooditioa  after  ttiis  we 


CASES  OF  HYPOCHONDRIASIS. 


443 


patient  vras.  a  man  in  the  prime  of  life,  with  a  physique  and  counlenancj  indicative  of 
Wbnst  health. 

several  months  his  daily  life  had  been  rendered  miserable  by  an  undcfinabte 
of  oppression,  and  a  fearful  looking  forward  to  of  calamity  and  ruin. 
•nia  did  he  exercise  all  the  philosophy  and  reason  of  a  naturally  well-balanced 
:  his  deluiiions  clung  to  him,  and  the  only  waking  hours  to  which  he  looked  for- 
irith  any  d^rcc  of  patience  were  those  of  the  early  evening, 
t  comfortable  dinner  and  a  few  glasses  of  sherry  his  spirits  invariably  rose  ; 
'  fcr«  time  he  was  again  himself.  The  patient  was  most  persL^tent  and  faithful  in 
whmitting  to  treatment,  and  the  number  of  applications  that  he  received  was  some- 
■liil  extraorJinary.  Of  the  faradic  current  some  75  were  administered.  Occasion- 
•Bjr  we  fuhjcctcd  him  to  galvanization  of  the  brain,  cord,  and  sympathetic^  but  the 
(Bolts  of  this  method  of  treatment  were  by  no  means  favorable.  Under  general  fara- 
§mm,  however,  he  decidedly  improved. 

kepMia — Suspected  disease  of  the  ears — Improvement  under  general  faradita' 
t  and  gatvanitatioH  of  tfu  brain  and  sympathetic — Galvana-faraditatian. 

ISE  V'JII. — A  still  more  favorable  result  was  obtainei  in  the  person  of  a  young 

1  ^s,  who,  like  the  patient  just  referred  to,  presenteil  every  indication  of  health. 

i  hoars  of  the  day  he  was  annoyed  by  tiiuiitus  aurium,  and  what  to  him  seemed 

;  voice  telling  him  of  evil  to  come.     We  submitted  him  to  general  applica- 

f  a  powerful  faradic  current,  and  also  to  occasional  galvanization  of  the  brain, 

1  sympathetic    Some  improvement  followed.     The  most  decided  benefit  was, 

rr,  derived  from  the  melhofi  of  galvann-faradizaiion.     The  faradic  current,  full 

^h,  from  a  Kidder  apparatus,  and  at  the  same  time  the  galvanic  current  from  15 

\  tiunsen's  battery,  were  passed  through  and  around  the  body,  by  the  method 

electrization.     Improvement  was  now  remarkably  rapid.     In  the  course 

llf  a  duien  applications  every  unpleasant  symptom  disappeared,  and  the  patient 

KRDce  remained  perfectly  free  /rom  any  evidence  of  their  return, 

debility  xvilh   hypochondriasis,  but  assotiated  with   no  organic  cliange—' 
General  faradization  and  central  galvanitaiion  of  no  benefit, 

he  following  case  of  excessive  nervous  prostration   with   mental 
ession  was  not  in  the  slightest  degree  benefited  by  any  form  of 
tion,  although  the  most  persistent  efiforts  were  essayed.     (See 
290.) 

t  IX. — The  patient  was  a  young  artist,  referred  to   us  by  Dr.  J.  O.  Stone, 

>«li  his  life  had  been  noted  for  his  pluck  and  love  of  athletic  sports.     He  gradu- 

withcut  appreciable  cause  grew   weak   physically,    and  became  such   a  great 

that  he  feared  to  travel  any  distance  from  home,  by  rail  or  water,  without 

^   -  «7- 

He  fully  appreciated  this  change,  and  endeavored  to  overcome  tt.  He  was  examined 
^in«nd  again,  hut  it  was  impossible  to  detect  the  slightest  structural  difficulty  in 
•^'wgan.  It  seemed  a  fitting  case  for  general  faradiwtion  and  a  mo-it  favorable 
iVQEDoiis  was  given,  but  all  efforts  with  it  and  central  galvanization  pioved  una* 
;  in  improving  his  condition. 
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Mt/afukolia  of  troo  years'  standing  in  a  young  married  tady — Complete  r\ 

under  central  galvanixaUon    after  failure  of  persutent  internal  meduatit't 

and  general  faradisation. 

Case  X. — Mrs.  Y.,  a  married  woman,  aged  twenty-five,  came  first  under  our  ob- 
servation October  8,  1S71,  in  the  seventh  month  of  her  pregnancy.  Uer  mestal 
condition  was  lamentable  in  the  extreme.  There  was  chiefly  a  perversion  of  tlie  whole 
hftbit  or  manner  of  feeling,  such  as  so  frequently  follows  actual  intellectual  derange- 
ment. She  confessed  and  bewailed  her  want  of  interest  in  or  love  for  lliu!>e  wlio 
were  nearest  to  her,  and  evidently  suffered  raost  intensely  from  a  profound  feeling  of 
depression  and  misery — a  vast  and  fornaless  idea  of  utter  desolation.  The  patient 
appreciated  her  condition,  would  rea^in  concerning  it,  and  acknowledge  that  there 
was  nothing  real  to  which  she  could  ^>oint  as  a  caus«  of  her  misery. 

These  wretched  feelings  were  not  altogether  new,  but  for  over  two  years  bad  ia  a 
modifie<J  form  annoyed  her  considerably.  Bitten  slightly  by  a  favorite  dog,  she 
merged  immediately  into  a  condition  that  may  be  called  hypochondriacal  niclanch<>- 
lia,  with  an  exaggerated  notion  of  the  danger  she  had  incurred.  She  had  been  treated 
persistently  but  without  avail,  and  as  a  dernier  resiort  general  faradization  was  at- 
templetl  It  utterly  failed  in  itseflects,  and  in  good  faith  the  patient  was  encouraged 
to  hope  that  with  her  delivery  her  mental  balance  would  return.  The  child  was 
bom,  and  three  months  subsequently  I  was  again  called  to  see  the  mother,  only  to 
hud  her  condition  more  aggravated  than  at  any  previous  time.  We  now  resolvei!  to 
make  use  of  central  galvanization,  and  employed  a  current  from  six  ordinary-sited 
zinc  carbon-cells,  with  a  sitting  of  four  minutes.  The  patient  was  not  at  all  im- 
proved by  the  stance,  but  seemed,  if  anything,  slightly  more  sensitive  to  external 
impressions. 

In  a  couple  of  days  the  same  application  was  again  tried,  with  the  evident  resoli  of 
decidedly  exciting  her  mind.  A  third  efforl  was  made  with  but  three  cells,  from  which 
the  current  was  just  sufficient  in  tension  to  call  into  action  the  sense  of  taste.  From 
this  trial  the  patient  experienced  undoubted  relief,  and  at  intervals  of  a  day  the  ap- 
plication, without  being  varied  excepting  in  the  length  of  the  jeamef  was  repcalnl  fut 
some  two  months.  Although  during  the  treatment  two  or  three  slight  relapses  oc- 
curred, yet  on  the  whole  the  improvement  was  steady  and  satisfactory,  and  at  tiie 
close  of  the  "central"  treatment,  when  slie  was  placed  entirely  in  the  care  of  Dr. 
William  J.  Donor  for  uterine  difficulty,  her  recovery  was  complete. 


N'eurasihenia,  or  Nervous  Exhaustion. — The  derivation  of  the  ti 
neurasthenia  is  sufficiently  obvious.  It  comes  from  the  Greek  word 
vfupoi',  a  nerve  ;  a,  privative ;  and  a^evo?,  strength  ;  and  therefore,  being 
literally  interpreted,  signifies  want  of  strength  in  the  nerve.  Under  the 
name  of  general  debility,  it  is  a  condition  sufficiently  familiar  lo  eveiy 
practising  physician,  and  too  frequently  resists  most  obstinately  all  forms 
of  internal  medication.  It  is  not  to  be  confounded  with  anaemia, 
tliough  it  may  be  associated  with  it. 

The  one  principle  on  which  neurasthenia  is  to  be  treated  is  by  the 
concentration  of  all  possible  tonic  influence  on  the  nervous  system — 
air,  sunlight,  wa^.er,  food,  rest,  diversion,  muscular  exercise,  and  the  in* 
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tcrnal  administration  of  those  remedies,  such  as  strychnine,  phosphorus, 
arsenic,  etc.,  which  directly  affect  the  central  nervous  system. 

Electrual  Treatment. — General  faradization  and  central  galvanization 
as  an  adjuvant  to  relieve  more  directly  the  symptoms  of  insomnia,  head- 
ache, etc.,  which  are  so  frequently  associated  with  neurasthenia  or  after 
general  faradization  has  :ailed. 

"Wi^  prognosis  is  usually  more  or  less  favorable.  In  nearly  all  cases 
of  uncomplicated  neurasthenia  general  faradization  alone  proves  deci- 
dedly and  sometimes  rapidly  efficacious.  Beneficial  results  from  either 
this  method  or  central  galvanization  are  so  uniform  in  this  condition 
that  we  have  reason  to  suspect  some  unrecognizable  organic  disease 
in  those  cases  that  give  no  evidence  of  improvement  after  protracted  treat- 
ment. Even  the  complicated  forms,  that  arc  the  result  of  incurable  dis- 
ease, may  be  much  relieved.  The  cases  that  fail  to  be  benefited  by 
electrical  treatment  are  those  of  lifelong  standing,  or  in  which  the  tem- 
perament contraindicates  electrical  treatment. 


Neurasthenia— D^ility  and  attacks  of  sick  keadaeke — Immediate  and  rapid  im' 
provemtnt  under  general  faraditativn — Rapid  increase  in  weight. 

Cask  XI.- — The  p<iwer  of  genenal  faradization  to  relieve  neurasthenia  and  to  csast 
increase  of  M'cight,  was  illustrated  in  a  very  pleasing  and  satisfactory  manner  in  the 
case  of  a  young  physician  whom  we  have  treated  during  the  autumn  of  1S69.  He 
was  28  years  of  age,  and  for  a  long  time  he  hxd  been  subject  to  severe  and  repeated 
attacks  of  nervous  and  sick  headache.  To  use  his  own  expression,  he  had  been 
"living  on  a  lower  plane  th.an  was  normal."  Ovcr*work  and  long  confinement  had 
reduced  him  to  a  condition  of  serioas  exhaustion,  and  when  he  called  upon  us  in 
September  he  conid  not  walk  two  miles  without  fatigue.  Although  5  feel  9^  inches 
in  height,  he  wcighc<J  but  112  pounds,  and  for  many  months  there  had  been  no  sign 
of  any  increase.  He  had  closely  studied  his  own  case,  had  been  thoroughly  examined, 
and  had  tried  ne-orly  eNxry  form  of  internal  me<lication. 

We  liegan  treatment  by  a  mild  and  general  application  with  the  faradic  current. 
He  felt  temjxirarily  enlivened  and  exhilarated,  but  when  he  rctuniei,!,  two  days  sub- 
jequently,  he  stated  that  he  felt  no  special  benefit,  although  he  had  gained  one-half 
U  pound  in  weight.  This  change,  slight  as  it  was,  encouraged  him,  for  it  had  been 
moollis,  and  years  even,  since  he  had  been  able  to  detect  any  increase  in  weight.  We 
may  say  here  that  he  watched  and  studied  his  symptoms,  and  carefully  ascertained 
his  weight,  from  day  to  day»  not  as  a  hy)x>chondriac  at  all,  but  as  a  scientific  man, 
inspired  not  by  any  special  faith  in  the  remedy,  but  by  an  earnest  desire  to  test  for 
himself  the  tonic  effects  of  general  faradization.  He  continued  to  increase  in  weight 
with  remarkable  regularity  and  uniformity,  and  at  the  end  of  three  weeks  he  .'ound 
that  he  had  increased  nine  pounds.  When  we  last  saw  him  his  weight  was  124 
pounds.  The  improvement  in  his  general  condition  had  gone  on  hand  in  himA  with 
the  increase  In  weight.  His  appetite  was  keener  and  his  digestion  much  ea>ier.  Hii 
attacks  of  headache  still  annoyed  him,  but  his  capacity  for  endurance  bad  been  greatly 
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enlarged.  Within  the  last  two  years  we  learned  from  the  patient  himself  lh«t  be  liad 
euneretl  no  relapse. 

In  this  die  the  applications  were  made  very  thoroughly  all  over  the  person,  froo 
the  top  of  the  head  to  the  feet,  and  with  a  powerful  current.  Both  the  farodic  *n4 
galvaoic  currents  were  used,  chiefly  the  faradic.  It  is  worthy  of  rcmatk,  also,  thi: 
this  patient  always  experienced  a  feeling  of  temporary  enlivenment  and  exhilaratioa 
after  each  application,  and  sometimes  the  headache  from  which  he  suflfered  w»*  drivcii 
away  in  the  midst  of  the  treatment. 

We  may  say,  also,  that  when  he  first  came  we  prescrihed  oxide  of  zinc,  by  exrln* 
sion^  hecaiise  he  had  used  nearly  every  other  internal  tonic  He  took,  however,  bet 
two  or  three  doses  of  one  grain  each  for  the  first  day,  dropping  it  eoltrely  as  aooa  as 
he  found  that  he  had  increased  half  a  pound  in  weight. 

The  above  case  we  regarded  as  pre-eminently  a  typical  one — a  t)-pical 
illustration  of  neurasthenia,  and  of  the  benefit  that  may  be  received  fironi 
general  faradization. 

Neuratthmia  in  a  plethoric  patieni,  tamed  by  excarive  application  to  btitimtu — 

Slow  improvement  under  galvanisatian  of  tht  cervical  jyntpatAetie  and  gemtral 

faradiidfion. 

Case  XII. — Mr.  A.  was  a  short,  stout,  and  remarkably  plethoric  naan,  aged  6a 
Throut^h  his  active  business  life  he  had  confined  himself  most  closely  lo  his  duties 
seldom  taking  a  day  for  recreation,  even  during  the  heat  of  srnnmer.  Nineteen 
years  since  he  retired  frotn  business  with  greatly  impaired  health  and  strength.  It 
W-ts  thought  that  perfect  freedom  from  all  care  would  be  sufficient  to  restore  ht*  luu 
live  vigor  of  constilulion.  On  the  contrary,  he  gained  but  little,  if  any.  Hi*  general 
appearance  was  typical  of  perfect  health,  but  ordinary  exertion,  either  mental  or  phy» 
sical,  was  sure  to  produce  CKhanstion.  Ifii  pulse  -was  normal,  anJ  the  patient  WM 
plethoric  rather  than  anemic.  It  was  impossible  for  him  to  read  more  than  tea  or 
fifteen  minutes  without  becoming  restless  and  exccf>sivcly  nervous,  and  exeuite  ts 
walking,  to  the  extent  of  a  dozen  blocks  or  so,  would  frequently  firoducc  conpkcc 
prostration.  His  sleep  at  night  was  broken,  and  sometimes  entirely  ddtfoyed. 
There  was  not  the  slightest  evidence  of  organic  disease,  but  the  whole  nctnnu  syv 
tem  seemed  to  be  unstrung.  He  had  submitted  to  almost  every  method  of  lode 
treatment,  l>oth  medicinal  and  hygienic,  but  had  seldom  ex|)erienced  even  t 
relief.  We  felt  justified  in  encouraging  him  to  hope  for  favorable  results  from 
ment  by  elect ri/at ion.  With  admirable  perseverance  and  piomplncss  he  cooti 
viat  us  for  two  months,  never,  in  a  single  instance,  failing  to  keep  an  appoiataeai. 

At  first,  general  applications  with  the  faradic  current  were  given  every  otlMrd^ 
At  each  sitting  he  seemed  much  invigorated,  and  for  several  hour&  he  eapericRoad  • 
degree  of  strength  and  lightness  of  spirit  such  as  he  had  been  a.  strmnger  to  for  ^mt 

These  effects,  howc%'cr,  seemed  but  temporary,  for  the  old  loaRtoide  invamlblyff^ 
tumetl ;  consequently,  after  three  weeks  of  treatment  with  the  faiadic,  we  raMici 
to  a  weak  galvanic  current. 

The  negative  pole  wxs  applied  to  the  epigastric  region,  and  the  po>nttve  to  tW 
back  of  the  neck,  near  the  seventh  cervical  vertebra  and  also  along  the  arvterior  bordtf 
of  the  scalenus  anticus  muscle,  in  order  to  affect  more  thoroughly  thc|{rc«lij«^ 
pathetic  and  pneumoj^astric. 
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Sponge  electrodes  were  used,  and  the  applications  were  prolonged  sufficiently  to 
produce  an  intense  redness  and  an  acute  burning  sensation  under  them.  By  thit 
ructhnd  the  immediate  effects  were  not  so  marked  as  when  the  faradic  current  was 
usttj,  but  the  relief  afforded  was  more  permanent. 

For  the  first  lime,  his  sleep  became  more  quiet  and  sound,  and  during  the  day  fol- 
lowing an  application  he  was  able  to  exercise  both  mind  and  body  harder  and  longer 
Ihan  usual.  He  now  submitted  to  treatment  by  gnU-anization  every  day.  Week 
by  week  he  gained  very  perceptibly  in  vigor,  until,  after  having  received  the  galvanic 
current  some  twenty-five  times,  he  left  us  to  spend  the  summer  months  among  the 
mountains.     He  did   not   discontinue   treatment  with   a  nervous  system  perfectly 

engthcned,  but  he  had  regained  approximately  the  usual  portii.)n  of  mental  and 
hy^^ical  cnilurance  enjoyed  by  persons  of  his  years.  Whereas,  iKifore  treatment  by 
electrization,  he  was  not  able  to  walk  half  a  mile  without  fatigue,  nor  read  more  than 
ten  or  fifteen  minutes  without  suffering  from  nervous  irritability,  after  treatment  he 
enjoyed  and  derived  benefit  from  walking  several  miles  in  the  day,  and  could  confine 
himself  to  a  hook  for  an  hour  or  two  without  experiencing  any  symptoms  of  mental 
exhaustion. 

At  the  date  of  writing,  1874,  the  patient  enjoys  a  fair  d^ree  of  health,  and  claims 
to  Iiave  retained  all  the  benefit  he  derived  from  treatment. 


Neurasthenia^  complicated  with  anctmia^  dyspepsia t  spinal  irritation,  and  hypochon- 
driasis, treated  by  general  faradization  and  central  galvaniwation — fmpri/vement 
and  subsequent  relapse^ 

Cask  XIII. — Mr.  E.,  a  tall,  spare  man,  aged  about  50,  wa.s  sent  to  us  by  Dr.  Gurdon 
Buck.  He  was  a  gentleman  of  wealth  and  leisure,  and  for  several  years  had  been 
entirely  free  from  any  of  the  cares  of  active  business  life.  He  was  frequently  troubled 
with  indigestion.  At  times  he  would  seem  to  regain  some  vigor,  and  would  exer- 
cise to  a  considerable  extent  without  experiencing  inconvenience,  but  as  a  rule  the 
most  ordinary  mental  or  physical  exertion  was  followed  by  extreme  exhaustion. 
Pains  in  the  lumbar  region  of  the  back  were  of  frequent  occurrence,  especially  after 
pas&ing  a  sleepless  night.  There  was,  however,  no  spinal  tenderness.  He  was  a  good 
barometer— an  east  wind  would  almost  drive  him  to  despair,  and  so  long  as  it  lasted 
he  could  hardly  muster  strength  or  inclination  to  leave  his  couch.  As  soon  a<;  the 
wind  changed  and  the  sun  appeared,  he  observed  an  immediate  amelioration  of  his 
dreadfully  depressed  condition. 

Our  patient  experienced  the  exhilaration  that  so  frequently  follows  a  general  ap- 
plication of  the  faradic  current. 

Although  at  first  this  invigoration  was  of  but  temporary  duration,  the  effects  of  the 
ireatmeni  were  gradually  prolonged  after  each  sitting,  until,  in  a  much  shorter  time 
than  U  Qsually  the  case  in  conditions  such  as  the  one  under  consideration,  the  patient 
enjoyed  a  good  degree  of  health. 

During  damp,  enervating  days  especially,  central  galvanization  prevented  exhauju 
tion  far  more  successfully  than  faradization.  The  patient  retained  the  nervous  vigor 
that  he  bad  gained  for  many  months  ;  subsequently,  however,  he  relapsed,  and  again 
placed  hinuelf  under  our  care.  He  was  decidedly  lienefited  by  tliis  second  course  of 
treatment,  but  not  to  the  same  extent  as  at  first.  When  last  seen  be  had  retained  a 
ncasnre  of  improvement,  but  was  extraordinarily  susceptible  to  atmospheric  changes. 
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Since  the  publication  of  the  first  edition  of  this  work  the  patient  was 
a  third  time  under  our  care,  and  at  the  present  dale,  1874,  enjoys,  he 
tells  us,  almost  perfect  health, 

Niurasl/ienia,  associated  with  distressing  feelings  ^  as  of  If  ad  flowiHg  iMnmgk  t^ 
veins,  v/it/i  insomnia  and  tn>cr<  keaJacke — Recovery  under  genfral  furadttatum 
and  central  galvanitation. 

Case  XIV. — Mrs.  H.,  aged  32,  the  mother  of  two  children,  came  und^r  onr  caw, 
Nov.  8,  1S71.  Her  constitution  wa<;  delicate,  and  in  the  past  she  ha;!,  s>3  far  jucouM 
be  determined  from  her  account,  suffered  from  decided  syiwptoms  of  spinal  irnCitiao. 

During  the  birth  of  one  of  her  chiMren,  the  perineum  bad  been  torn  and  had  utrei 
united.  This  condition  gave  rise  to  troublesome  uterine  symptoms,  which  faileil  to 
yield  to  ordinary  treatment,  obviously  for  the  rea«)n  thai  a  cause  exi>>ted  that  impcrx- 
thfcly  required  surgical  interference.  The  general  symptoms  of  which  slie  complained 
were,  ist,  want  of  strength.  Although  her  apjjearance  indicatetl  a  fair  condixioa  of 
health,  yet  a  short  walk  exhausted  her  completely,  and  unfitted  her  during  several  «ie- 
ceeiiing  hours  for  every  duty.  2d,  Pains  of  a  vague  and  uncertain  character  pervaded 
the  whole  bo<ly,  and  she  characterized  them  as  similar  to  what  she  imagined  might 
be  produced  were  lead  flowing  through  her  veins.  3d,  Insomnia  and  headache.  She 
yi2&  exceedingly  sensitive  to  the  influence  of  general  faradization,  and  its  goo<l  effects 
were  not  especially  manifested  for  a  number  of  weeks.      (See  pp.  2S0,  2S5. ) 

She  then  began  to  remark  that  her  |)o\vcrs  of  endurance  had  certainly  increase<).  and 
complained  less  of  unpleasant  sen&alions,  especially  in  the  arms.  Central  galvatuxatioa 
was  now  alternated  with  general  faradization,  and  its  value  as  an  adjuvant  to  the  mint 
general  treatment  was  evinced  in  the  readiness  with  which  it  ai<lcil  in  frnpnyrmj;  (be 
sleep  and  in  alleviating  the  other  symptoms.  In  short,  the  patient  was  under  treat* 
meut  until  Jan.  26,  1S74  ;  received  thirty-one  applications  of  the  current ;  andHil 
not  too  much  to  wiy,  thai  it  was  entirely  successful  in  dissipating  the  vague  hot  ilk> 
tressing  pain&  which  had  for  $0  long  a  time  annoyed  her,  and  in  restoring  to  her  • 
good  degree  of  strength.  We  should  not  omit  to  state  that  the  operation  which  it 
was  found  necessary  to  perform  on  the  perineum  was  delayed  solely  on  account  of  ha 
neurasthenic  condition. 

Case  XV. — Miss  H.,  rcferre<l  to  us  by  Dr.  Du  Bois  ckpcrienccd  Oclkum  h 
after  seven  applications,  of  general  faradization.     Her  symptoms  were  siin{iiy  co 
and  uller  nervous  prostration. 

Cask  XVI. ^Mrs,  C,  a  patient  of  Dr.  Alfred  Purdy,  had  suffered  from  neam 
Ihenia  for  six  years.  She  complained  of  feeble  circulation,  insomnia,  and  conuip»» 
kion.  A  dozen  applications  of  general  faradization  iinproved  the  drculatioQ  atid  th( 
sleep,  and  decidedly  relieved  the  const ipal ion. 

Case  XVII. — Mr.  N.,  a  youth  of  17,  without  any  very  apparent  caase,  LecstM 
weak,  nervous,  and  excitable.  These  symptoms  had  existed  more  than  a  year,  iriM* 
be  was  submitted  to  general  faradization. 

Seventeen  applications  proved  of  some  benefit,  but  his  condition  coDlinttcd  to| 
prove  after  his  return  home,  and  two    montlis  subsequently  he  infotmed  us  \r%  I 
that  he  had  regained  his  normal  health  and  strength. 
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tftruous  exhaustion  of  long  ttanding,  associated  with  severe  neuralgia.  Slight  re* 
litf  during  two  months  of  general  far adi%ai ion — After-effects  of  the  treatment, 
manifested  by  rapid  improvement  in  all  her  symptoms.      (Sec  p.  29+.) 

Case  XVIII. — Mrs.  B.,  a  young  married  lady,  had  for  a  long  time  suffered  most  in- 
tensely from  pains  of  a  neuralgic  character.  The  head  was  the  seat  of  greatest  suffer- 
ing, although  the  distress  extended  with  more  or  ks?  severity  to  every  part  of  the  body. 

Her  strength  was  much  reduced,  so  that  she  was  unequal  lo  the  slightest  exertion 
beyond  a  few  ordinary  household  duties  and  an  occasional  walk  in  the  street  of  one  or 
two  bloclcs.  Not  the  siighieiit  evidence  of  organic  disease  could  be  discovered  by  her 
physician,  Dr.  George  A.  Peters,  who,  having  seemingly  exhausted  llic  resources  of 
medicine,  requested  us  to  try  tlie  efficacy  of  some  method  of  electrization. 

As  the  extreme  debility  was  evidently  the  proximate  cause  of  the  neuralgia,  we 
decided  upon  general  faradization  as  the  proper  mctho<l  of  treatment,  and  accordingly 
submitted  her  to  a  very  gentle  application.  She  was  one  of  those  patients  frequently 
encountered,  who  are  so  susceptible  to  the  current  that  it  was  oar  aim  to  give  of  the 
electrical  influence  the  minimum  that  could  be  actually  felt  by  the  patient,  rather 
than  the  maximum  that  it  was  possible  for  her  to  bear  without  decided  discomfort. 

During  the  months  of  Octol^cr  and  November,  1870,  we  gave  thirty-six  applications, 
which  somewhat  lessened  the  severity  and  frequency  of  the  pain,  without  appreciably 
improving  her  strength.  We  proposed  to  her  physician,  therefore,  to  di^ontinue  our 
efforts  for  a  while,  hoping  that  the  favorable  aftcr-cfTects  of  electrization,  that  are 
so  often  seen,  would  show  themselves  in  this  case.  Wc  were  not  disappointed. 
The  patient  soon  began  to  amend,  until  the  improvement  wxs  most  marked,  both 
in  the  almost  complete  cessation  of  the  neuralgia  and  in  on  approximate  return  of 
normal  strength. 


Spina!  Irritation. — Spinal  uritalion  is  one  of  those  names  which,  like 
hysteria,  have  becotne  the  recognized  property  of  the  profession,  against 
the  actual  or  implied  protest  of  nearly  all  who  employ  it.  It  is  a  part 
of  the  hysterical  constitution. 

The  ternj  spinal  irritation,  originally  proposed  by  Dr,  Brownn,  of  Glas- 
gow, and  described  and  illustrated  in  detail  by  G.  T.  P.  Teale,  in  1829, 
and  the  Griffin  Brothers  in  1844,  is  now  pretty  generally  understood,  in 
Ejigland  and  America  at  least,  to  express  a  tolerably  well-defined 
morbid  condition,  of  which  one  of  the  principal  symptoms  is  spinal 
tenderness. 

Differ€Htial  Diagnosis. — Spinal  irritation  almost  always  forms  a  part 
of  hysteria  and  neurasthenia,  constituting,  as  it  were,  a  subdivision  or 
accompaniment  of  them,  and  is  only  entitled  to  the  honor  of  distinct 
nomenclature  by  itself  when  the  spinal  tenderness  and  the  symptoms  that 
directly  flow  from  it  overshadow  other  accompanying  conditions.  Close 
examination  would  reveal  that  very  many  of  the  cases  in  practice  that 
are  variously  classified  under  hysteria,  anaemia,  etc.,  have  a  sufficiently 
marked  tenderness  of  the  vertebrae  to  be  regarded  as  examples  of  spinal 
29 
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irritation ;  and  if  treated  accordingly,  would  recover  more  rapidly  thaa 
under  the  methods  usually  employed.  The  best  confirmation  of  the 
diagnosis  is  the  very  favorable  result  of  judicious  and  varied  treatment 
devoted  specially  to  the  tender  spots  on  the  spine. 

Between  spinal  irritation  and  spinal  meningitis  or  congestion  tljc  dis- 
tinction is  oftentimes  purely  one  of  permanenu  and  degree.  In  both 
conditions  there  may  be  pain  and  heat  in  the  spine,  neuralgia  Of 
paralysis  of  the  limbs,  plantar  heat  and  anaesthesia,  constipation,  feeling 
of  pressure  or  constriction  in  the  chest,  and  stiffness  of  the  neck,  etc. 
It  is  distinguished  from  myelitis  by  the  absence  of  other  necessary 
symptoms.  The  contractions  of  muscles  in  spinal  irritation  are  less 
painful  than  those  of  myelitis. 

Pathology. — In  spinal  irritation,  as  in  cerebral  irritation,  it  is 
probable  that  there  maybe  either  an?emia  or  hyperaemia.  That  many 
of  the  cases  of  spinal  irritation  depend  on  passive  hyperiemia  of  the 
cord,  is  rendered  probable. 

1.  By  the  feeling  of  heat  and  burning  at  the  seat  of  the  irritation. 

2.  By  the  lact  that  this  pain  is  increased  at  night,  when  the  patient 
is  in  a  recumbent  position. 

3.  By  the  fact  that  it  is  relieved  by  measures  that  relieve  congestiotv 
as  dry  and  wet  cupping,  and  by  blisters  over  the  tender  vertebrw. 

On  the  other  hand,  reasoning  from  analogy  and  from  what  we  know 
of  the  relation  of  the  sympathetic,  it  is  proper  to  assume  that  ansemiamay 
account  for  many  of  tlie  phenomena  of  spinal  as  of  cerebral  irritation. 
This  assumption  is  strengthened  by  the  fact  that  very  many  of  the  pt- 
tients  who  have  spinal  irritation  are  more  or  less  an«emic.  And  yet, 
reasoning  from  the  history  of  the  cases,  and  from  the  results  of  treal- 
ment,  we  are  inclined  to  the  opinion  that  anasraia  exists  only  in  a 
minority  of  the  cases  of  spinal  irritation ;  that  in  the  majority  of  mstaft* 
ces  there  is  more  or  less  at  least  temporary  passive  congestion  of  ifct 
cord  and  of  its  membrane ;  and  that  in  all  cases  of  doubt  it  is  safe  » 
assume  the  existence  of  hyperaemia,  and  to  guide  tlic  treatment  zsxaA- 
ingly. 

It  is  not  necessary  to  assume  that  this  hyperaemia  of  the  cord  tt  a 
constant  condition.  Except  in  the  severe  and  long-standing  cases,  it 
is  probably  not  so,  but  is  more  or  less  evanescent,  temporary  and  la^ 
tastatic.  This  may  distinguish  it  from  spinal  congestion,  which  is  a  lixed 
condition.  Temporary  congestion  of  the  cord,  as  of  the  brain,  the  geni- 
tals, the  eye  and  the  ear,  may  perhaps  be  easily  excited  by  irriiatmf 
causes.  It  is  not  unreasonable  to  suppose  that  anaemia  and  hyperrmii 
may  alternate  in  the  patient,  and  in  the  same  day  or  hour. 
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Electric  examination  in  spinal  irritation  may  sometimes  reveal  ten- 
der spots  on  the  spine  that  are  not  indicated  by  pressure. 

Treatment.— T.WcXxic  treatment  consists  in  general  faradization,  gal- 
vanization of  the  spine  ^nd  s>Tiipatheiic  and  central  galvanization. 

Our  experience  in  a  great  number  of  cases,  since  the  first  edition  of 
this  work,  convinces  us  that  in  galvanization  of  the  spine  tlie  positive 
pole  acts  bettor  than  the  negative  in  the  treatment  of  this  affection.  To 
depend,  however,  on  locaUzed  galvanization  alone  is  illogical,  since  the 
disease,  though  for  the  time  specially  localized  in  the  spinal  cord,  is 
usually  simply  but  a  development  or  manifestation  of  the  nervous 
diathesis,  in  which  the  whole  system  shares. 

Prognosis. — Under  electric  treatment  alone,  the  prognosis  of  spinal 
irritation  is  usually  favorable  for  a  relief,  and  sometimes  for  permanent 
cure. 

It  is,  however,  of  great  advantage  in  all  severe  or  long-standing 
cases,  to  combine  with  electrization,  counter-irritation  (very  small  blis- 
ters, or  tartar-emetic  ointment)  over  the  sensitive  vertebrae,  and  the  in- 
ternal administration  of  phosphorus  or  other  stiiuiilants. 

Comparative  rest  of  brain  and  muscles  is  an  important,  though  not 
indispensable,  aid  to  treatment.  The  disease  is  quite  prone  to  relapse, 
especially  under  bad  hygienic  surroundings.  Under  combined  treat- 
ment, consisting  of  blisters  to  the  spine,  phosphorus,  strychnia,  and 
electrization,  the  majority  of  cases  will  rapidly  improve. 


Spinal  irritation  of  four  years^  standing,  with  excessiz't  tenderness  in  the  lumbar 
region — Decided  relief  f torn  general  faradisation. 

Cask  XIX. — Mrs.  ,  aged  24,  was  sent  to  us  Jan,  4th,  1868,  by  Dr.  Sewall, 

lo  be  treated  for  pain,  with  most  excessive  tenderness,  over  the  lumbar  vertebrae.  The 
^rmptoms  had  l>een  particularly  distressing  since  her  confinement,  two  months  pre- 
vious, but  had  annoyed  her  more  or  less  for  four  year*.  United  with  this  spinal  ten- 
demess  there  was  considerable  debility,  that  made  a  walk  of  h.-itf  a  mile  a  burden; 
gastric  uneasiness,  feeble  appetite,  insomnia,  and,  in  genera],  the  characteristic  fes' 
turcs  of  the  nervous  conslitntion. 

Electric  examination  revealed  a  very  great  tenderness  over  several  of  the  lumbar 
vertebrae  ;  only  a  feeble  current  could  be  borne  at  all,  even  with  large,  soft  spranges. 
No  other  abnormal  condition  was  found  beyond  a  general  hypenesthesia,  which  is 
a&ual  in  such  cases.  The  tenderness  was  so  great  that  even  the  weight  of  the  hand 
was  distrevingly  painful. 

We  began  treatment  by  general  faradization,  with  special  reference  to  the  tender 
spot  in  the  spine.  At  this  locality  we  uved  a  stable  increasing  current,  beginning 
with  a  current  K:arcely  perceptible,  and  increasing  the  strength  up  to  the  jjoinl  where 
it  cottld  be  comfortably  borne.  The  patient  shortly  improved  under  this  treatment, 
tbough  not  without  relapses  whenever  she  attempted  any  important  exertion.     From 
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week  to  week  the  tenderness  became  less  marked,  until  the  vertebrae  were  no  looget 
painful  under  moderate  pressure,  and  a  much  more  powerful  current  could  be  bofM 
with  esiic.  Agreeable  temporary  relief  followed  each  application — aa  obcamtCiaB 
which  we  have  frciiuently  made  in  spinal  irritation. 

At  the  end  of  two  months  the  patient  was  dismissed  very  roucb  benefited. 


Hyperaithtiia  of  the  cervical  and  upper  lumbar  vertebra  tauted  by  txp^mrc  i\-iv 
tUH —  Great  sHicepiibility  to  eliitrUity — Improvement  under  genereU  and  Ut)t£it*i 
faradizatioH  ami  galvanisation. 

Case  XX. — Rev.  Mr.  F.,  aged  30,  was  referred  to  our  care,  March  9,  1868,  bf 
Dr.  Gurdon  Buck.  For  several  months  Ijefore,  he  had  been  complaining  of  pain  aad 
beavincM  in  the  back  of  the  neck,  that  had  compelled  him  to  resign  bis  j-a&toral 
charge  and  abstain  from  all  sustained  menial  exertiuo.  The  symptoms  dated  from 
an  exposure  to  the  sun  on  a  very  hot  day.  The  patient  was  large,  tall,  wcll-fonned, 
and  apparently  very  robust.  All  the  functions  seemed  to  be  tolerably  well  {•exfoOB* 
ed  ;  but  sustained  mental  exertion  was  almost  impossible.  He  had  been  treated  faitJ^ 
futly  by  counter-irritation,  in  the  shape  of  wci  cupping,  and  had  derived  poutive  beneU 
ihcrefrom. 

Elcdric  examination  indicated  some  tenderness  on  the  upper  cervical 
and  also  in  the  upper  lumbar;  but  this  tenderness  was  not  excessive,  auid  a 
of  fair  strength,  so  far  as  the  vertebra;  were  concerned,  could  be   reiadily  borne  1 
out  discomfort ;  nor  were  the  vertebrsc  so  painful  as  they  somettmcra  are  found. 

But  in  one  respect  his  tKhavior  under  the  electric  examination  was  peculiar.  Hie 
sensation  produced  by  a  mild  galvanic  current  over  the  upper  cervical  vertebrae  «» 
painfully  felt  in  the  forehead,  indicating  a  morbid  irritabiUty  of  the  central  BcrvoM 
system,  since  in  health  such  a  phenomenon  does  not  appear.  That  this  mofiiid  idi- 
tability  was  in  some  way  related  to  the  sympathetic,  or  that,  at  least,  the  ^ynptfk^ 
tic  was  the  metlium  through  which  it  was  manifested,  was  rendered  probaMe  bf  tbk 
fact  that  mild  faradization  or  galvanization  of  the  afTcctetl  part  caused  a  very  fr»- 
fuse  |>erspiralion  on  the  hands  and  feeL  This  same  e/Tect  we  have  also  observed  ia 
a  case  of  hysteria. 

Strong  as  the  patient  appeared  to  be,  U  was  necessary  to  treat  him  with  mild  no- 
rents  and  short  applications.  By  turns  and  in  succession  we  tried  ihc  varioas  nedMidl 
of  electrization,  with  both  the  faradic  and  galvanic  currents,  and  with  Impoiftf 
though  not  brilliant  results. 

After  a  treotment  extending  by  intervals  through  tlu-ee  monlhs  the  patient  IcAkr 
a  visit  in  England,  where  he  remained  nearly  a  year,  still  slowly  improving. 

Great  susceptibility  to  electiicity,  as  in  the  above  casc»  is  freqtieiillf 
observed  rtlter  sunstroke. 


I 


^  chronii  condition  of  irritation  and  hyper<tsthesia  of  the  spinal  cord  grtaih  **••• 
^ted  by  general  faradization,  in  conjunttion  with  galvamzatton  of  the  rrmf^tr 
tie  and  spine. 

Case  XXI. — A  young  Udy,  daughter  of  a  physician,  who  had  suffered  fo*  bj^ 
months  from  symptoms  both  of  congestion  and  irritation  of  the  spjml  caii,  •* 
placed  under  our  care  by  the  advice  of  the  Ute  Dr.  H.  V.  Bulkley.    Tcodcrvca  «■ 
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manifest  over  the  cervical-dorsal  and  lurabar  regions.  The  patient  complained  of 
shortness  of  breath,  numbness  and  tir^jling  in  the  hands  and  feet,  coiigh,  nausea,  with 
neuralgic  pains  around  the  loins  and  in  the  extremities.  A  very  decided  loss  of 
power  was  monirest  in  the  lower  limbs,  so  tliat  it  was  impos.sible  to  take  more  than 
a  few  turns  around  the  room  without  fatigue.  Under  the  tonic  influence  of  twenty 
general  applications  of  the  faradic  current,  the  patient  very  decidetJly  improved. 
The  tenderness  along  the  spine  decrea^icd,  and  in  the  cervical  r^on  disappeared  alto- 
gether. 

The  shortness  of  breath,  the  numbness  and  tingling,  together  with  the  neuralgic 
pains,  became  less  marked,  while  the  strength  so  far  improved  tliat  she  was  able  daily 
to  take  short  walks  of  several  blocks,  and  to  ascend  the  stairs  with  comparative  com* 
fort. 

We  now  resorted  to  the  galvanization  of  the  sympathetic  and  the  spine — spinal- 
cord  current — which  were  followeti  by  an  improvement  more  marked  than  it  was 
possible  to  obtain  from  the  faradic  current  alone. 

The  above  patient  subsequently  relapsed  after  a  severe  fall  and  was 
again  treated  with  great  perseverance  and  even  better  results,  so  that 
she  is  now  in  perfect  health,  and  is  indeed  unusually  vigorous.  The 
case  illustrates  the  record  that  may  follow  great  perseverance  in  elec- 
trical treatment. 


A  condition  of  tingling,  f  ricking,  and  a  disposition  to  paralysis  of  the  legs,  depen- 
dent  on  irritation  and  hyperamia  of  the  (ord,  decidedly  relieved  by  gah/aniiatioH 
of  the  sympathetic  and  general  faradization. 

Case  XXIL — Mrs.  W.,  aged  44,  whose  physician,  Dr.  H.  Gregory,  advised  treat- 
ment by  electrization,  was  suffering  from  pricking  sensations  in  the  arms,  and  from 
tingling  and  numbness  of  the  lower  limbs  and  feet.  In  the  legs,  also,  there  was  a 
decided  **  disponlion  "  to  paralysis,  as  manifested  by  a  feeling  of  weight  in  the  eifort 
of  walking. 

Pressiire  along  the  spine  disclosed  a   tender  point,  at   about  the  third  dorsal  and 

I  second  lombar  vertebrae-     These  conditions  of  tenderness,  tingling,  and  weight  in  the 

lower  limbs  seemed  to  indicate  not  only  an  irritation,  but  also  a  hyperemia  of  the 

spinal  cord.     Galvanization  of  the  sympathetic  and  mild  general  applications  of  the 

fararlic  current  were  followed  by  a  marked  amelioration  of  the.se  symptoms. 

The  limbs  especially  progrc$ve<l  rapidly,  and  after  ciglit  applications  became  quite 

i  strong,  and  were  quite  relieved  of  the  an.TE5.thesia.  Some  tenderness  along  the  course 
of  the  spine  still  remained,  with  occasional  tingling  in  the  extremities,  but  not  suffi- 
cient to  occasion  the  same  annoyance  as  before. 

Spinal  irritation  of  several  y tarsi'  staiuiing— Recovery  under  spinal  gakfanisation 
atid  general  faradixation. 

'  Case  XXIII.— Miss  C,  a  patient  of  Dr.  Gregory,  was  referred  to  us  with  evi- 
dences of  irritation  the  whole  length  of  the  cord.  Under  six  weeks  of  treatment  by 
spinal  galvanization  %nd  general  faradization  the  patient  markedly  improved  in  all  her 
Dptoma. 
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The  tender  points  along  the  spine  mostly  disappeared,  and  after  the  ( 
treatment  she  continued  to  improve  until  recovery  was  approidmatdy  oonpkCC 
The  s)'roptonis  were  of  several  years'  standing. 

SpiniU  irriiatun  of  two  ytari  standing — Ruavery  under  ipiual  go. 

Cask  XXIV.— Miss  S.,  an  inmate  of  the  N.  Y,  State  Woman's  Ho 
affected,  in  addition  to  uterine  disease,  with  severe  and  persisteat  ^nal  m\M 
over  two  years'  standing. 

Spinal  galvanization  repeated  a  dozen  times  during  the  coarse  of  ■  mootli  < 
ally  overcame  the  excessive  irritation  of  the  cord,  and  resulted  in  grealJy  i 
strength. 

Insomnia. — Insomnia  is  a  symptom  which,  with  greater  or  less  i 
formity  and  severity,  accompanies  nearly  all  forms  of  disease. 

It  is  a  symptom  of  such  an  indefinite  variety  and  complexity  of  | 
thological  conditions  that  it  is  manifestly  impossible  to  treat  it] 
anything  like  uniform  success  by  any  one  conceivable  form  of  i 
tion  ;  but  of  all  the  remedies  that  have  yet  been  tried  thefe  is,  we  I 
lieve,  no  one  which  permanently  relieves  the  symptoms  in  so  Urje  A| 
proportion  of  cases  as  electrization.  The  effects  of  electricity  ooj 
sleep,  whether  used  in  the  form  of  general  faradization,  or  gait 
of  the  head  and  cervical  sympathetic,  are  both  tcmj>orai7  and  | 
ncnt.  The  temporary  relief  that  appears  the  night  or  two  foUo«mg*l 
application,  though  usually  far  less  potent  than  those  of  brom.4crf 
potassium  and  hydrate  of  chloral,  are  yet  very  decided  ;  but  it  xa  forik  J 
permanent  relief  that  electrization  is  chiefly  indicated  in  this  syinpl*  I 
This  comes  gradually,  slowly,  and  as  a  result  of  the  improveuicBtaf  ti^ I 
morbid  condition  on  which  the  insomnia  depends. 

As  has  been  stated,  improvement  in  sleep  is  one  of  the  earliest  rfj 
fects  for  which  we  look  during  a  course  of  treatment  by 
zation.    In  a  wide  range  of  diseases  sleep,  to  a  certain  i 
exceptions,  may  be  regarded  as  a  thermometer  of  health.    Wheal 
other  bodily  functions  are  well  performed,  the  sleep  ts  tisuillyl 
cahn,  and  refreshing ;  when  it  becomes  painfully  and  pcnistenll/  i 
turbed  by  dreams,  or  is  long  absent,  we  may  suspect  Actual  or  i 
ing  disease. 

Tempoiary  loss  of  sleep,  that  conies  from  temporary  anxiety  or  I 
neuralgia  or  other  pain,  is  usually  relieved  with  the  removal 
cause,  and  only  demands  special  medical  treainiL-nt  when  it  15  lon?^ 
tinued. 

The  treatment  of  insomnia  is  really  the  treatmcul  of  all  \hc  O" 
on  which  it  depends.    For  those  cases  where  simple  wakefulness  cart 
unaccompanied  by  any  other  symptom  of  recognisable  disc^  ^  t 
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if  use  either  galvanisation  of  the  sympathetic  or  in  the  head,  or  fara- 
izalion  of  the  head  and  sjiine,  or,  better  than  all,  general  faradization, 
or  somnolence  is  a  result  of  all  these  methods  of  electrization.  It  is 
Wleven  necessary  to  make  the  applications  to  the  head,  the  sympathe- 
or  even  to  the  spine,  in  order  to  produce  sleep.  Simple  peripheral 
pdviriization  or  faradization  will  produce  this  result,  and  in  some  cases 
to  a  very  marked  degree.  This  must,  M-e  suppose,  be  explained  by 
ttitex  action.  In  case  of  rheumatism  of  the  hip-joint,  which  we  once 
treated  by  galvanization  through  the  joint,  the  soporific  effect  on  the 
jwtitnt  was  so  marked  that  he  fell  into  a  profound  slumber  before  we 
bid  time  to  leave  the  house,  in  less  than  ten  minutes  after  the  ap- 
pliation  was  over.  In  another  case  of  infantile  paralysis  the  mother 
reported  that  the  child  slept  soundly  for  two  hours  or  more  after  each 
Biting,  although  only  the  limbs  were  galvanlzied. 

hrtitttnt  insamnin  a/ttr  (kild-birth — An  application  of  the  faradie  eurrent  to  tht 
head  and  xpine  is  follitwed  by  sltep  of  several  hours. 

C«»  XXV,  — Mrs.  A.,  aged  30,  of  a  WgWy  nervous  organization,  gave  birth  to 
Wfint  child  after  a  labor  of  16  hours.  So  great  was  the  disorder  of  her  nervous 
^Mem,  that  for  5  days  and  night*  she  was  unal)le  to  close  her  eyes  in  sleep.  Her  con- 
iitioa  was  moit  dislressinp,  and  resilsted  all  eflforls  in  the  way  of  medication. 
It  was  agreed  tiiat  a  mild  application  of  the  faradie  current  sbuuld  be  applied  to 
r  hrai]  and  down  the  spine.  The  result  wa^s  most  decided  and  gratifying,  since  a 
Icep  of  several  hours,  deep  and  refreshing,  immediately  followed.  It  is  proper  to 
Ljr  that  subsequent  applications  did  not  have  the  same  decided  eflfect,  although  they 
vHcntly  strengthened  the  nervous  system  of  the  patient  and  greatly  aided  in  dissi- 
Mttog  the  condition  of  insomnia. 

Immnia  of  montki  standing  immediately  relieved  by  general  faradization, 

W^fSt  XXV'L — Mrs.  C,  a  young  married  lady,  was  directed  to  us  by  Dr.  J,  Marion 

^H^vbo  was  treating  her  for  uterine  difUculty.     She  was  suffering  acutely  from  in- 

^Hpi^'tBd  it   was  bope<l  that  some  form  of  electrization  might  prove  beneficial, 

pnfCipecUlly  since  she  had  previously  been  relieved  by  the  application  of  electricity, 

AkM([h  its  administration  had  been  without  method.    We  .subjected  her  to  the  most 

ttomigh  form  of  general  faradization,  directing  especial  attention,  however,  to  the 

RBil  uid  neck.   The  applications  were  administered  on  hve  successive  days,  and  during 

KKlkof  the  following  nights  the  patient  enjoyed  uninterrupted  and  refreshing  sleep. 

(0  the  permanency  of  the  effects  we  are  not  informed. 

fuMomnia  of  several  months^  duration  relieved  under  treatment  ty  general  faradi' 
tatioH  and  ga/vaniiation  of  the  brain. 

Cask  XXVII.— Mr.  J.  D.,  aged  65,  was  referred  to  us  by  the  late  Dr.  J.  C.  Nott 
rihe  relief  of  insomnia  of  such  an  obstinate  character  as  to  threaten  serious  conse- 
ncd  Uc  had  soffered  a  few  months  previously  from  a  severe  attack  of  congestive 
ibb    From  the  effects  of  these  be  had  approximately  recovered.     His  strength  and 
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appetite  were  fair,  b>ut  as  it  was  sometimes  impossible  for  him  to  sleep  more  lltan  as 
hour  or  two  during  the  whole  night,  he  was  fast  merging  in(oa  nervous,  excitable  con- 
dition. The  patient  was  treated  by  bwth  general  faradization  and  gaJvajiiz^lion  of  the 
brain.  He  very  gradually  improved,  and  at  the  end  of  a  month's  treatmcat  be  wai 
enjoying  five  and  mx  hours'  continuous  sleep  every  night. 

Insomnia  following  mtnstruation — General  faraditation  affords  immtdisU  refit/. 

Case  XXVIII. — Mrs.  B.,  aged  40,  suffered  an  unusual  loss  of  blood  at  each  mea. 
trual  perioiJ,  which  was  followed  by  obstinate  insomnia  during  the  sncceediog  no 
weeks.  General  furadiz.-ition  was  essayed  for  the  relief  of  tlie  i>2eeplessae^  and  wtt 
entirety  successful.  Three  or  four  applications  after  each  period  was  soffidcot  to 
promote  calm  rejwse  until  the  next  flow. 

Astraphobia  (aarparjfi  lightning  and  tfto^o^  fear  of). — Some  individ- 
uals, especially  those  of  peculiarly  impressible  organizations,  arc  not 
only  unpleasantly  but  seriously  aflfccted  during  thunder-storms  tlut 
are  attended  by  vivid  Hashes  of  lightning.  They  suffer  not  only  dis* 
tressing  fear,  but  positive  pain  in  the  head  or  stomach,  that  leaves  ihem 
in  a  condition  of  exhaustion  that  may  last  several  hotirs,  or  even  two 
or  three  days. 

A  medical  friend  informed  ns  of  a  patient  under  his  care,  who  during 
thunder-storms  was  attacked  by  severe  nausea,  and  by  convulsive  W- 
tacks  resembling  epilepsy.  Under  treatment  directed  to  the  improTe* 
ment  of  her  general  system  she  greatly  improved.  In  some  cases  diar- 
rhoea is  excited. 

These  symptoms,  though  most  frequent  with  nervous  people,  and  fl|i> 
pccially  with  women,  may  also  appear  in  those  who  are  otherwise  Stroig 
both  in  health  and  in  will  power. 

Hereditary  Astraphobia — Reflex  paralysis  of  left  forearm —  lVriU»*s  crttmj^ jC*> 

(tstkesis  associated  with  neurasthenia — Improvemeni  under  loealited  gtJtimmim' 
tion  and  faraditation  and  central  galvanization — Spinal  cord  nrrve  rtir^r^ 
and  plexus  nerve  current^  conthined  with  internal  medication. 

Case  XXIX. — Mrs.  R. ,  a  widow  of  39  years  of  age,  was  referrcii  to  u>  Julr  ITlK 
1871,  by  Dr.  A.  \V.  Catlin.  Eight  weeks  before  that  lime  she  had  run  m  nccdi 
into  her  right  forefinger  ;  the  needle  was  rcmovwl  in  three  hours,  but  at 
of  power  was  experienced  ia  the  fingers,  and  in  a  week  the  foreana  also  )ia4 
very  weak. 

The  patient  supported  herself  by  copying  many  hours  daily  and  niglitlj^ 
query  arose,  whether  the  affection  was  reflex  paralysis,  or  writer's  cramp.  Theki»' 
tory  of  the  case  and  the  special  symptoms  seemed  to  show  clearly  enough  thaltla 
case  was  one  of  par.a1ysis,  probably  reflex,  induced  by  the  injury,  hut  that  the  eisdM 
of  the  arm  in  writing  had  acted  as  a  predisposing  cause.  This  opimoa  wa»  ^bmig^ 
ened  by  the  fact  llial  the  patient  had  liad  some  symptoms  of  writer's  cramp  bc£Bradlt 
accident. 
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EUetro-diagnosis. — No  loss  of  electro-muscular  contractibility,  but  volitioned  con* 
tractility  much  diminished  and  considerable  anaesthesia,  made  evident  by  examination 
with  the  esthesiometer  and  the  electric  brush.     There  was  also  analgesia. 

Examination  with  the  dynamometer  showed  loss  of  force  over  the  muscles,  and  the 
difficulty  of  writing  was  so  great  that  she  had  acquired  the  habit  of  copying  with  th« 
left  hand.  The  patient  was  of  a  thoroughly  nervous  constitution  and  all  her  life  had 
suffered  from  astraphobia  (fear  of  lightning).  Even  in  her  baby-hood  the  approach  of  a 
thundei -storm  had  markedly  distubed  her  nervous  system,  and  long  before  she  was  old 
enough  to  be  afraid  of  lightning  she  was  a  victim  to  the  weakness,  the  distress,  the 
malaise  and  after  unpleasant  nervous  symptoms  that  lightning  excites.  Her  grand- 
mother had  been  similarly  affected. 

Dr.  Catlin  treated  the  patient  by  localized  faradization  and  strychnine,  and  the  pa- 
tient observeci  that  shortly  after  the  electricity  was  used  the  fear  of  lightning  was  re- 
moved. This  was  the  more  singular  from  the  fact  that  only  localized  faradization  of 
the  arm  was  used  and  no  general  faradization  or  central  galvanization. 

We  recommended  the  use  of  the  electric  brush,  central  galvanization,  and  the  in- 
ternal administration  of  Horsford's  acid  phosphate.  The  details  of  the  treatment, 
with  the  exception  of  the  central  galvanization,  were  carried  out  by  Dr.  Catlin  and 
the  patient  somewhat  improved.  Subsequently  the  patient  was  terribly  frightened  by 
stumbling  over  the  body  of  a  dnmken  man  in  a  dark  lane  of  the  city,  at  midnight,  and 
in  an  almost  unconscious  state  arrived  home,  and  was  next  day  taken  sick.  Then  fol- 
lowed pain  in  the  very  spot  where,  weeks  before,  the  needle  had  entered  the  hand,  and 
the  muscles  of  the  hand  began  to  improve. 

June,  1872,  the  patient  again  consulted  us.  There  was  still,  as  before,  local  anaes- 
thesia, only  more  profound,  anore»a,  insonmia,  spinal  irritation  and  various  symptoms 
of  the  neurasthenic  condition. 

She  was  again  treated  and  again  unproved ;  but  her  recovery  was  never  absolute. 

The  above  case  illustrates  the  complicated  variety  of  symptoms  that 
so  often  appear  in  the  nervous  diathesis.  It  further  illustrates  the  variety 
of  methods  of  electrization  that  may  be  used  in  such  cases. 
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We  have  seen  that  very  much  has  been  accomplUhcd  in  the  treat- 
ment of  hypochondriasis  and  melancholia  by  the  combined  methods  of 
central  galvanization  and  general  faradization,  and,  reasoning  from 
analogy,  it  is  probable  that  an  important  future  is  in  store  for  the  scien- 
tiiic  faithful  use  of  these  methods  of  electrization  in  our  public  and  pri- 
vate asylums. 

//  is  not  as  well  recognized  as  ii  should  be  thai  in  distases  of  the  bram 
and  spinal  cord^  lohere  the  mind  is  seriously  affeeted^  the  ^Icctrieai  treat' 
ment  is  also  indicated ^  just  as  in  diseases  of  the  same  organs  whtn  the  mud 
is  not  aj'ected.  In  some  of  the  asyhmis  of  England,  United  Stales,  and 
Germany,  electricity  is  now  and  for  some  time  has  been  used  as  an  ad- 
junct to  other  remedies  for  the  treatment  of  different  forms  of  insanity^ 
but  with  a  few  exceptions,  the  treatment  is  not  systematically  earned  outt 
and,  partly  through  ignorance  of  the  methods  of  application,  {^jutlj' 
thj'ough  want  of  sufficient  medical  assistance  to  supervise  the  neccsauy 
details,  the  results  have  not  been  entirely  satisfactory,  and  the  cases 
have  not  been  fully  recorded. 

We  should  except  from  these  remarks  the  Alabama  Asylum  for  tbe 
Insane,  where,  under  the  superintendence  of  Dr.  Br)'ce,  both  currtAts 
of  electricity  have  been  used  in  the  treatment  of  the  patients  for  ihe 
past  two  or  three  years. 

We  have  corresponded  with  Dr.  Bryce  on  the  subject  from  the  fire^ 
and  have  at  different  limes  given  suggestions  in  regard  to  the  tncthod»o( 
application,  which  suggestions  have  been  carried  out  so  far  as  pos&tble 
for  the  already  overworked  officers  of  that  institution. 

Under  dale  of  February  i7lh,  1873,  he  gives  the  general  results  of 
his  observations  in  the  following  language  :  **  We  like  it :  find  it  beof 
ficial  in  tnost  cases,  valuable  in  a  majority,  and  indispcnsal)!  -di 

forms  of  hysterical  insanity,  in  primary  dementia,  and  neur.L 

The  failures  in  this  as  in  other  branches  of  electro-therapeucks  air, 
m  fact,  the  logical  result  of  want  of  familiarity  with  the  managetneol  of 
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>  of  incorrect  ideas  on  the  differential  action  of  the  currents, 
Ithe  generaJ  action  of  electricity  on  the  body,  and  deficient  lechui- 
1  skill  in  die  details  of  the  applications. 

^  For  those  who  are  beginning  to  use  electricity,  or  are  contemplating 

I  use  in  the  asylums  for  the  insane,  these  general  suggestions  may  be 

intrvke  :  i.   Let  it  be  remembered  always  that  electricity,  in  any  form 

r-Franklinic,  Galvanic,  or  Faradic — when  applied  to  the  body,  acts  as 

^ifimyJa/ing  ionic  with  a  powerful  sedative  influence.      It  is  an  agent 

r  mprctving  nutrition  in  any  condition,  local  or  general,  where  im- 

■ovement  in  nutrition  is  required.     It  is  to  be  used  for  the  insane  just 

I  bromide  of  potassium,  quinine,  strychnine,  and  iron  are  used. 

I  The  Order  and  degree  of  its  effects  depend  largely  on  the  method  and 

nncr  of  application,  and  on  the  constitution  and  disease  of  the  patient 

)  which  the  application  is  made. 

[,2.  That  in  insanity  the  brain  is  not  the  only  part  of  the  body  affected. 

tluding  those  cases  of  insanity  produced  by  reflex  action  from   the 

[estivc  and  pelvic  organs,  there  are  very  many  cases  where  the  spinal 

land  other  parts  of  the  central  and  peripheral  nervous  s)'5tem  suffer 

^la  effect  of  the  disease  of  the  brain. 

^Iiilc  these  remarks  may  seem   but  commonplace  to  experienced 

^W}chologists,  and  while  the  fact  of  the  relation  of  diseases  of  the  brain 

^b  diseases  of  other  parts  of  the  body  is  continually  recognizedt  when 

^Bler  remedies  are  employed^  still,  in  the  application  of  electricity,  some 

^Plperimenlers  have  acted  on  the  theory  that  the  brain  alone  should  be 

tftaltd.    Those  who  act  e.xclusively  on  this  theory  will  not  gain  great 

victories  over  insanity  by  electricity.     Some  of  the  applications  should 

be  made  in  such  a  way  as  to  bring   the  whole  central  nervous  system 

Under  die  influence  of  the  current,  and  local  diseases  associated  with 

Jl>«nity  as  a  cause  or  effect  should  receive  local  treatment, 

f  "Hje  central  nervous  system  is  best  brought  under  the  direct  influence 

I  the  galvanic  current  by  the  method  of  central  galvani^iation.     The 

may  be  varied  by  galvanization  of  the  brain,  cervical  synipa- 

I  pneuraogastric  and  spine  ;  but  the  method  of  central  galvaniza- 

»*»  is  easier,  safer,  and  more   effective.       In  cases  associated  with 

^Wiry,  and  especially  in  those  fomis  of  insanity  dependent  on  neu- 

^^thenia  or  nervous  e.xhaustion,  general  faradization  answers  a  good 

piupose,  and  may  with  great  advantage  be  used  alternately  with  central 

plvanization  or  localized  galvani2ation  of  the  nerve  centres. 

J.  The  first  tentative  applications  should  be  very  mild,  and  the 
WrcHgth  of  the  current  and  the  tin»e  of  sitting  should  be  gradually  in- 
crcaied  as  the  patient  proves  himself  able  to  bear  the  treatment. 
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In  tlie  following  case,  although  no  permanent  relief  was  afforded  bj 
the  method  employed,  the  temporary  effects  were  so  sudden  and  startling 
as  to  render  tlie  history  of  exceeding  interest : 

A<utt  tnama  of  the  matt  inttnte  character  exiiting  four  montkr — /Remark 

effects  of  general  far  aditation. 

Case  XXX.— Miss  R.,  aged  ao,  living  in  Harlem,  and  a  patient  of  Dr.  Josepd 

Wooster,  of  New  York,  was  suffering  from  acute  mania  dating  from  suppression  of  the 
menses,  occurring  four  months  before  she  fell  under  our  care-  She  had  always  enjoyed 
most  excelleiU  health — indeed  was  remarkhle  for  her  vigorous,  robust  conuiiutioo, 
and  it  may  l>c  adde«.l,  the  ruddiness  of  her  complexion.  While  watering  the  plants  in 
tlie  conservatory  of  her  sister,  her  clothes  became  quite  wet ;  she  Delected  to  change 
thcui  immediately,  and  the  consequence  was  a  v^jppression  of  the  menstrual  flow.  She 
complained  on  the  following  day  of  %vere  headache,  and  on  occasiunsv  during  tkencU 
two  weeks,  was  markedly  unreasonable  in  her  action  and  demnnds. 

Finally  active  delirium  set  in,  but  with  no  decrease  of  l>odily  strength.  At  timet 
she  was  intensely  violent  in  her  demonstrations — screaming  at  the  top  of  her  mice 
and  breaking  every  article  of  furniture  within  her  reach  ;  as  a  conseqoenoe  sIm 
was  conRued  in  a  room  stiipped  of  its  furniture,  and  m  her  wildest  moods  the  strait' 
jacket  was  applied.  For  more  than  two  months  no  sleep  visited  her  eyelids,  without 
the  nightly  administration  of  from  too  to  120  grs,  of  chloral.  During  ilic  moniing 
she  was  often  mcisurably  quiet,  but  as  evening  approached  she  became  absolotrlf 
ungovernable,  nnd  when  chloral  was  not  given  she  had  been  known  to  pace  arouaJ 
the  room  with  great  rapidity  and  strength,  mattering  to  herself,  with  absolateljr  no 
cessation,  from  sunset  to  sunrise.  She  had  decreased  in  weight  from  160  to  110  lb& 
On  the  evening  of  tlie  15th  of  April,  she  was  held  firmly  in  position  by  several  powa* 
fu)  assistants,  and,  after  thoroughly  moistening  the  hair  of  the  head,  wc  sabmltiel 
her  to  the  most  thorough  form  of  general  faradization  with  the  very  smoothest  currtnt 
obtainable.  The  current  was  of  great  strength,  but  evidently  in  itself  caased  no  dis- 
comfort to  the  patient.  That  night,  and  without  the  use  of  any  drug,  the  patient  en- 
joyed five  hours  of  the  quietest  sleep,  and  fur  4S  hours  tlicreafter  was  perfectly  obe!i> 
ent  and  traclabk*.  Another  paroxysm  of  violence  again  showed  itself,  and  the  tame 
form  of  application  was  readministered.  She  again  slept  quietly,  and  in  the  momtog 
awoke  perfectly  rational,  but  extremely  weak  in  body.  The  day  being  bright  aad 
sunny,  a  chair  was  placed  in  the  yard,  where  she  sat  for  several  hour*,  and  in  all  titr 
conversation  evinced  entire  freedom  from  anything  Hkc  mental  derangerncnt.  S«d* 
denty,  however,  she  arose  from  her  chair  and  ran  around  the  yard  with  great  rapldttj. 
She  was  immediately  captured,  and,  when  taken  to  her  room,  gave  evidence  of  aU  hef 
former  derangemcut.  She  was  unusually  violent  during  the  rest  of  the  day,  but  aflrr 
the  adminihtration  of  100  grains  of  chloral  (and  this  was  effected  with  ^rcat  difi> 
cully,  owing  to  her  fierce  struggles)  she  passed  the  latter  part  of  ihe  night  in  cumrnr* 
alively  quiet  sleep.  On  the  following  morning  she  awoke,  somcwLit  elicited.  a».!  tt- 
mained  so  during  the  day,  while  towards  evening  she  as  usual  became  more  > ; 

General  faradization  was  again  tried,  and  was  attended  by  its  previous  go<Kl  ' 
Fonr  or  five  hours  of  quiet   sleep   followed,  and  on   awakening,  and    fot   a  pait  of 
the  succeeding  day,  the  patient  was  quite  calm  and  in  some  respects  entirely  ratiooftL 

Not  to  prolong  this  description,  it  may  be  said  that  neither  general  Earadisatioa  vat 
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central  g^ranization  seemed  to  be  sufficient  to  accomplish  more  than  is  related  in  the 
above  description,  and  finally  it  failetl  to  give  nnarked  relief.  The  patient  was  taken 
by  her  friends  to  an  asylum  and  pa&sed  from  under  our  observation. 


Menopause  insattity  in  a  married  lady — Great  melancholy  ;  constant  weeping ;  at- 
tempts to  commit  suicide  ;  attempts  at  st<irtiatie>tt ;  lest  of  flesh  ;  attacks  of  numb- 
ness ;  heaving,  tearing,  grasping,  binding  sensation  in  stomach  and  abdomen  ; 
unilateral  sweating  ;  hysterical  attacks  of  crying,  laughtng,  and  unusual  suscep- 
tibility to  electricity — Gradual  and  steady  recovery  under  central  gatvanization  of 
^ike  ceri'ical  sympathetic^  cotnbined  -with  cod-liver  oil  emulsion. 

rCASK  XXXI.— Mrs.  S.,  a  married  lady  of  middle  life,  was  referred  to  us,  Oct. 
19,  1871. 

The  patient  was  pretty  evidently  suffering  from  menopause  mania,  of  several 
months'  standing,  and  evinced  no  disposition  to  recover.  She  attributed  all  her 
5j-mploms  to  the  use  of  the  vaginal  sjTinge,  but  there  was  no  ex-idence  of  this  and  the 
cau^  was  pretty  clearly  one  of  mania  dependent  on  the  beginning  of  the  change  of  life. 

The  patient  would  never  sit  doxun  :  all  day  long  she  walked  and  walked  the  floor  of 
the  house,  sometimes  standing  btill  a  moment  to  look  out  of  the  window  or  converse 
or  to  look  vacantly  into  space;  but  never  would  jiV/iw  a  mffnrf/i/ or  even  lie  down 
on  a  lounge ;  at  night  only  would  she  go  to  bed. 

She  would  weep  for  hours  together,  and  when  not  weeping  was  heavily  depressed. 
Her  ruling  desire  was  to  commit  suicide,  and  most  resolutely  she  tried  to  starve  herself 
to  death,  but  failed  in  the  attempt  for  the  reason  that  slie  could  not  re^sist  the  tempta- 
tion to  lake  a  bile  now  and  then,  although  she  did  not  partake  of  a  regular  meal  for 
leveral  weck<>.  She  was  naturally  very  fleshy,  and  had  lost  6fty  pouuds  in  weight.  She 
tned  to  get  hold  of  the  batteries  that  were  left  at  her  house  in  order  to  drtnk  the  acid 
solution,  and  her  husband  was  obliged  to  take  away  the  bottles  after  each  applica- 
tion. The  patient  had  besides  many  vague,  nervous  symptoms,  such  as  numbness  and 
tearing,  rolling,  heaving,  burning,  binding  sensations  in  the  storoacli  and  abdomen. 
Attacks  of  unilateral  swelling  on  the  left  side  came  on  at  times,  and  the  left  side  in  all 
respects  was  weaker  than  the  right. 

We  suspected  that  all  the  symptoms  might  be  more  or  less  reflex  from  the  uterus, 
but  the  patient  would  not  yield  to  our  suggestion  that  some  gynaecologist  be  called  in 
to  make  an  examination. 

There  was  tenderness  over  the  ovarian  region,  especially  on  the  left  side,  and  also 
tenderness  on  the  dorsal  and  lumbar  vertebne,  and  at  times  along  the  entire  length  of 
the  spine. 

It  seemed  probable  that  the  patient  would  have  to  be  sent  to  an  asylum,  but  as  her 
hu-sband  was  so  situated  that  he  could  give  her  close  attention,  we  decided  to  first  ex- 
haust treatment  by  electricity  and  internal  medication. 

We  used  central  galvanliation  varied  by  galvanization  of  the  cervical  sympathetic 
»nd  spine,  and  prescribed  for  internal  use  the  cod-liver  oil  emuUion.  She  was  found 
to  l»e  very  susceptible  to  electricity  :  only  gentle  currents  and  short  applications  were 
borne,  and  when  thus  used  the  sedative  eflect  was  excellent ;  but  when  carried  l>e- 
yond  a  certain  point  uritation  rather  than  sedation  followed.  The  applications  were 
made  on  the  average  about  three  times  a  week,  for  four  months  with  at  first  slow  and 
almost  imperceptible,  and  afterwards  with  rapid  improvement,  and  with  uUiroate  and 
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permanent  recovery.  A  year  and  more  after  the  treatment  wu  abandoned,  the  patient 
had  fully  regained  and  still  retains  all  her  flesh,  health  and  ^irits. 

The  above  case  seems  to  us  to  illustrate  the  following  points : 

1.  The  well  known  fact  of  the  curability  of  menopause  insanity,  even 
when  the  symptoms  are  of  the  worst  character.  In  the  case  of  Mrs.  S.  all 
the  symptoms  were  bad  symptoms.  At  times  her  maniacal  attacks  were 
so  violent  as  to  be  absolutely  alarming,  and  twice  at  least  we  had  reason 
to  be  considerably  terrified. 

2.  The  advantage  of  combining  medical  treatment  with  various 
methods  of  electrization.  Although  the  patient  herself  and  her  husband 
attributed  the  result  to  the  electrical  treatment  alone,  yet  in  our  own 
judgment  the  credit  should  be  divided  between  the  medical  and  the 
electrical  treatment,  and  the  element  of  time  should  also  be  considered. 
The  patience  and  perseverance  of  the  husband  and  his  constant  atten- 
tion should  be  considered. 

3.  The  fact  that  electricity,  cautiously  used,  may  be  of  great  service 
even  when  it  is  not  well  borne.  Mrs.  S.  never  could  endure  a  long 
or  strong  application,  even  when  she  had  been  long  under  treatment, 
and  by  some  the  case  might  have  been  given  up  as  not  adapted  for 
electrical  treatment. 

4.  The  principle  that,  in  the  treatment  of  insanity  by  electricity,  the 
applications  should  not  be  confined  to  the  brain,  but  should  be  made  so 
as  to  affect  the  whole  central  nervous  system,  which,  primarily  or  second- 
arily, must  be  more  or  less  involved  in  nearly  all  phases  of  insanity. 


CHAPTER  XVII. 

CEREBRAL   AND   SPINAL   CONGESTION. 

An  exceedingly  interesting  point  in  the  consideration  cf  congestion  of 
the  nerve-centres  is,  the  discrepancy  between  the  observed  symptoms 
and  the  authoritative  statements,  in  regard  to  the  necessary  and  con- 
stant relation  of  certain  symptoms  with  that  condition.  In  pathological 
conditions  of  the  brain  and  spinal  cord,  more  perhaps  than  with  other 
organs  of  the  body,  it  is  difficult,  nay,  utterly  impossible,  to  associate 
a  long  list  of  distinct  symptoms  with  some  change  or  tendency 
to  change  of  structure,  and  say  that  they  invariably  exist  as  effects 
and  cause.  What  we  term  distinct  variations  from  the  physiologi- 
cal conditions  of  the  great  nerve-centres,  so  markedly  and  undeniably 
run  into  and  overlap  each  other,  are  so  frequently  as  it  were  intertwined, 
that  it  is  hard  for  the  most  careful  observer  to  do  more  than  to  arrive 
at  approximately  correct  conclusions  as  to  the  actual  pathology.  Irri- 
tation and  congestion  of  the  cord  may  coexist.  Congestion  of  a  severe 
and  chronic  character  may  simulate  actual  sclerosis,  and  hysteria  asso- 
ciated with  a  mild  form  of  either  irritation  or  congestion  may  give  rise 
to  symptoms  of  anaesthesia  and  such  decided  impairment  of  electro-mus- 
cular sensibility  as  to  completely  mislead  the  practitioner  and  suggest 
the  existence  of  serious  oi^anic  disturbance. 

These  remarks  will  be  more  fully  appreciated  by  referring  to  several 
of  the  illustrative  cases  that  follow. 

Prognosis  and  Treatment. — The  relief  that  is  afforded  by  electrization 
in  the  ordinary  forms  of  passive  spinal  and  cerebral  congestion  is  quite 
constant  and  reliable. 

Galvanization  of  the  brain,  spinal  cord,  and  sjrmpathetic  are  of  course 
to  be  used  and  should  be  attempted  with  more  or  less  thoroughness  ac- 
cording to  the  indications  of  each  individual  case. 

General  faradization,  however,  should  not  be  neglected.  There  are 
very  few  cases  that  will  not  receive  benefit  by  its  judicious  employ- 
ment. 


had  one  alternoon  walked   quite  briskiy,  and   Tor  a  considerabli 
while  in  a  state  of  parlinl  perspiration  had  reclined  upon  the 
chilliness  warned  him  of  his  iraprmlcncc     During  the  rest  of  the  dl 
at  night,  he  oliserved  no  unusual  symptom,  but  in  the  moroiiw 
to  be  stiff  and  weak,  associated  with  a  decided  loss  of  co-ordin«l 
the  patient  was  sufTcrlng  from  incomplete  paralysis  in  a  paraple 
slight   but  marked  tenderness  along  the  spine  on  pressure, 
reflex   excitability   in    the    limbs,    and  no  appreciable   inipai] 
cular  contractility  or  sensibility.      Anxeslhcsia  was  quite  markc4 
legs  and  foes,  but  any  sensation   of  tingling  was  altogether 
back  and   limbs  were   not  increased  by  motion,  but  the  patient 
discomfort  along  the  spine  that  was  increased  at  night   by  the 
It  seemed  sulficienily  clear  that  the  case  was  one  of  s^pmai  con 
thought  wa.•^  to  trust  to  galvanization  of  the  spine,  but  on  futhe 
into  consitleratiun  the  recentncss  of  the  attack,  and  the  remark: 
faradization  in  equalizing  the  circulation,  we  submitted  the  patici 
but  mild  sianci  of  the  last-named  method,  and  directed  him  to  a 
of  ft  couple  of  days.     On  his  return  we  found  that  the  aniesih 
ceased  to  annoy  him  ;  his  limbs  were  more  supple  and  stronger,  u9 
fest  increase  in  the  power  of  co-ordination.     Substantially  the  tam 
ployed  on  seven  different   occasions  from  May  5th  to  May  131 
to  his  studies  completely  recovered. 


1 


In  the  case  above  cited,  an.-esthesia  was  a  prominen' 
there  were  absolutely  no  sensations  of  fortuicatloti  or  tin 

Tenderness  on  pressure  along  the  spine  was  decid 
various  authors  stating  that  in  spinal  congestion  not 
torn  wanting,  but  so  also  is  ao<esthcsia,  while  the  sen 
tion   and  tingling   in  either  the  toes  or  fingers  are 
present. 

Sometimes  the  symptoms  of  one  pathological  con 
more  prominent — sometimes  the  symptoms  of  another 
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Sj^nat  tenderness  ahng  the  lower  portion  of  the  spine  on  pressure  foUowed  hy  pain 
in  the  bowels  and  extremities — Impaired  motor  power,  etc. — Improvement  under 
spinal  galvanization  after  failure  of  general  faradisation. 

Case  XXXIII.— As  an  illustration  of  a  very  considerable  loss  of  power  in  the  lower 
limbs  from  wcUinarked  spinal  congestion,  wc  refer  to  the  case  of  a  married  lady  aged 
35,  who  was  placed  under  our  care  by  Dr.  J.  O,  Farrington.  Some  four  years  pre-' 
\'iously  she  first  began  to  notice  certain  symptoms  for  which  she  could  not  account, 
but  which  evidently  indicated  some  disturbance  of  the  circulation,  and  possibly  some 
slight  spinal  irritation. 

She  was  then  regarded  as  hysterical,  and  was  really  tormented  with  many  of  those 
vague  and  various  symptoms  which  accompany  ihis  condition.  Associated  with  her 
general  nervous  tlistress  at  that  time,  however,  were  a  number  of  special  symptoms, 
which  slic  readily  called  to  mind  on  being  closely  questioned.  Tlie  most  prominent 
of  these  was  a  sensation  of  tenderness  when  by  any  accident  or  design  pressure  was 
tnade  over  the  lower  part  of  the  spinal  cord.  She  recollected  also  that  this  sensation 
of  tendcrncw  was  accompanied  by  fiain  in  the  lower  part  of  the  bowels  and  iii  the  ex- 
tremities and  frequently  a  disposition  to  nausea. 

The'*  symptoms  became  neither  much  aggravated  nor  decidedly  improved,  but 
continued  to  annoy  her  until  about  five  months  before  she  came  under  our  observa- 
tion, when  a  great  change  for  the  worse  manifested  itself. 

Quite  suddenly  she  found  that  the  power  of  locomotion  was  considerably  impaired. 
Slight  exercise  fati;^ed  her  more  and  more,  until  finally  she  was  unable  to  walk  more 
than  a  few  hundred  feet  without  becoming  excessively  fatigued.  There  was  a  sense 
of  heaviness  tu  the  knees  and  feet,  and  frequently  it  required  all  her  efforts  to  over- 
come this  feeling  of  helplessness  and  move  around.  There  was  no  anaesthesia. ;  but 
she  complained  of  a  constant  tingling  in  the  fingers  and  toea. 

Pressure,  when  made  over  any  portion  of  the  spine,  caused  no  feeling  of  tenderness; 
but  at  night  the  warmth  of  the  beil  frequently  produced  a  dull  aching  of  the  cord, 
which  effectually  prevented  sleep.  Both  night  and  day  she  was  annoyed  at  intervals 
with  paroxysms  of  shortness  of  breath. 

Hoping  to  equalize  the  circulation,  and  thus  help  to  relieve  the  congestion  which 
was  supposerl  to  exist,  wc  made  use  of  the  faradic  current.  We  could  accomplish 
nothing  with  it,  and  resorted  to  the  galvanic  current,  placing  the  negative  electrode 
•I  the  coccyx  and  parsing  the  positive  up  and  down  the  spine — <qiinal-cord  current. 
The  application  was  administere<l  every  athet.day,  and  was  followetl  by  good  result*. 
The  scn*.ation  of  tingling  of  which  she  complained  was  entirely  dissipated. 

The  annoying  shortness  of  breath  was  so  much  relieved  that  it  was  only  occa-sionally 
And  at  nij;ht  that  she  Wiis  troubled  by  it.  Her  feet  became  permanently  warmer, 
and  she  was  able  to  increase  somewhat  her  amount  of  exercise  without  suffcting 
fotigne.  Thcie  results  were  accomplis.hci  in  two  months,  during  which  time  thirty 
applications  of  the  galvanic  current  were  made. 

The  prominent  symptom  which  pointed  to  spinal  irritation  as  the  original  difhcultj 
in  the  case  of  this  patient  was  the  sensitiveness  of  the  spine  to  pressure,  and  the  ac* 
companying  nausea  and  pains. 

The  symptoms  which  indicated  the  later  stages  of  congestion  wcret 

First — Incomplete  paralysis  in  a  paraplegic  form. 

Second— A  constant  tingling  in  the  toes  and  fingers. 
30 
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Third — A  dull  aching  along  the  spine,  caused  by  warmth. 

Fourtli — Shortnc«ts  of  breath. 

These  symptoms  together  with  the  absence  of  some  of  the  prominent  in 
nvyeWtJ-S  viz.,  anirsthesia,  paralyMS  of  ilic  bladder   and  sphincter  »ni»  inipiiiii 
electro-contractility  ami  ele«:tro-senMlnlity.  and  also  of  tenderness  on  prcssittet 
the  spine,  which  does  not  accompany  the  graver  diseases  of  the  cord  when  not 
dated  with  spinal  irritation^all  tlicse  fully  confirmed  the  diagnosis  of  congestiixi  of 
the  cord. 

Cerebral  congestion  in  a  young  girl — Attacks  brought  on  xoheti  xoorhing  0m  c 
leufing-mac/tine — Great  temporary  relief  under  central  gatvamsaliott^  gsitfam' 
tation  of  the  sym pathetic ^  and  bromide  of  potassium — Refafte  ttudtr  tht 
tinnation  of  the  exciting  cause. 

Case  XXXIV, — E.  A—,  a  girl  twenty-four  years  of  »ge»  came  to  u«  rvfira 
ing  thai,  for  four  months,  she  had  suffered  from  attacks  of  fulness  cif  the  \xeaA,  fl 
ing  of  the  face,  with  burning  feeling  that  came  on,  sometimes  every  Hay,  1  mililtyl 
in  the  afternoon  and  evening,  when  she  had  been  hard  at  work  on  lbescwine>aadunfc 
She  was  employed  in  a  shop  where  she  was  expected  to  work  all  day  on  the  Tft^rK«wt 
The  constitution  of  the  patient  was  excellent,  and  there  were  no  cvidenoea  of  BtoiM 
disorder. 

We  U5ied  central  galvanization,  galvanization  of  the  head  and  STmpatbetic,  w^ 
prescribed  bromide  of  potassium  internally,  with  immediate  and  decided  relief^  btf 
the  symptoms  recurred  when  she  returned  to  liard  work  on  the  machioc. 

Cerebral  congestion  and  exhaustion  induced  by  ever'toil  and  worry ^  /^tJateimg  twt 
of  catarrh  a/t  J  nasal  polypi — Terrible  insamnia — Temporary'  numtmest—Rennrf 
uttder  gali'atiiiation  of  brain  and  cervical  sympathetu^  and  inter ttetJ  ute  tf  ni' 
lix'er  oil  emulsion. 

Case  XXXV.— Mr.  D ,  a  gentleman  of  middle  life,  a  political  editoria]  wlMi 

on  one  of  our  prominent  Western  newspapers,  consulted  us  December  ao,  1!^^  fv 
persistent  in-^omnia  of  a  very  aggravated  character,  that  for  one  yrar  had  forced  te 
to  try  all  methods  of  treatment,  including  hydropathy,  hororcopathy^  tevrtc  k  h*^'*, 
etc.,  with  but  little  profit.  The  condition  had  come  ufx^n  him  as  a  resnlt  of  evm 
toil  in  his  profe^inn,  combined  with  mental  annoyances  of  a  most  seriotu  chantfo; 
Formerly  the  patient  had  suffered  from  nasal  catarrh  (chronic  rhinitb)  and  nai^ 
polypi :   as  the  cerebral  disorder  came  on,  the  catarrhal  symptoms  disappeared^ 

The  insomnia  had  l>ecn  most  obstinate:  for  weeks  and  months  it  had  liecs  mc» 
sory  to  use  chloral,  el-K  there  was  absolutely  no  sleep ;  and  recently  the  chlonl  ^ 
lost  somewhat  of  its  power. 

We  gave  him  a  few  applications  of  electricity,  using  the  ordinary  raethodi  of  ^  ^ 
vanizing  the  brain  and  cervical  sympathetic,  and  gave  the  cod-liver  oil  emitlUoa.    8i 
was  obliged  to  return  to  his  duties  ;  but  he  carried  out  the  treatment  fatthfallj^  ai 
now  and  then  reported  his  progress.     The  improvement  waactmstant  and  po^^ML 
He  got  along  with  less  and  less  chloral.     In  the  course  of  n  few  week.  * 
he  was  nearly  well ;  but  he  adds  :   "  The  catarrh  is  coming  back  ;  the 

One  feature  worthy  of  note  in  the  above  case  was,  ihc  reUtioa  Ihil 
appeared  to  exist  between  the  constant  counter-initAtion  prtxiooed  6f 
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the  nasal  catarrh  and  the  cerebral  trouble.  We  have  observed  the 
same  in  other  cases,  but  in  none  so  strikingly  as  in  this. 

Cerebral  eengestiatt  associated  with  vertigo  and  numbness  of  the  left  side — Symptoms 
aggravated  hy  faraditation — Rectrvery  under  central  galvanitation. 

Cask  XXXVL— Mrs.  H.  was  directed  lo  us  by  Dr.  A.  Brayton  Ball,  to  be  Irealed 
for  symptoms  of  cerebral  congestion.  Her  general  condition  was  much  below  par, 
and  her  menstruation,  though  re[jular,  was  painful  and  prolonged  from  eight  to  ten 
days.  Severe  headaches  were  frequent,  and  for  two  years  she  had  suffered  from  de- 
cided numbness  of  the  whole  left  side  sufitctent  to  prevent  much  labor  or  exercise, 
Faradiiation,  Uoth  general  and  local,  was  essayed  without  good  effect ;  indeed,  the 
numbness  and  vertigo  were  decidedly  aggravated.  The  second  application,  three 
days  subsequently,  was  made  with  a  current  generated  from  four  zinc-carbon  celts. 
The  positive  pole  was  applietl  to  the  top  of  the  head,  and  the  nqjative  immediately 
below  the  sternum.  A  slight  increase  of  numbness  was  observed  even  from  the  weak 
current  used,  but  in  a  few  hours  this  effect  passed  away,  leaving  hardly  a  trace  of  the 
usual  anaesthesia.  This  treatment  was  continued,  at  intervals  of  several  days,  for 
over  a  month,  during  which  time  she  was  annoyed  but  little  if  any  by  either  vertigo 
or  numbness. 

Cerebral  congestion — Distressing  sense  0/ fulness  and  heat  in  the  head — Afild  cen- 
tral gak'anisation  alternated  with  general  faraditation,  is  followed  by  decided 
relief 

Case  XXXVIL— On  Feb.  loth,  1872,  we  were  called  to  Mrs. ,  who  was  under 

the  professional  care  of  Dr.  Thomas  Sabine.  For  several  years  the  patient  had  l>cen 
an  invalid,  sufTering  more  or  less  from  ulceration  and  displacement  of  the  womb.  She 
was  of  a  decidedly  nervous  organization,  exquisitively  sensitive  to  all  external  impres- 
sions, and  yet  her  general  appearance,  so  far  as  regards  color,  flesh,  and  expresiuon, 
was  indicative  of  a  fair  degree  of  faealtlu  There  was  great  pain  and  tenderness  over 
the  left  ovarian  region,  while  at  short  intervals  severe  paroxjrsms  of  neuralgia,  seated 
in  the  head  and  left  shoulder,  occasioned  much  distress.  TTie  attendant  symptoms, 
however,  which  more  especially  interest  us,  were  the  constant  burning  at  the  top  of 
the  head  and  an  annoying  numbness  of  the  extremities.  The  heal  of  head  was  so  great 
that  she  Celt  obliged  on  nearly  all  occasions  to  wear  cloths  dipped  in  ice-water. 

Mild  central  galvanization  afforded  some  relief,  but  the  most  benefit  was  derived 
by  applying  the  faradic  current  by  means  of  the  moistened  hand  to  nil  portions  ol  the 
head  and  neck,  and  extending  the  applications  through  sponges  to  the  entire  surface 
of  the  body.  In  the  course  of  a  few  weeks  the  patient  was  not  only  relieved  of  the 
neuralgia  of  the  head,  and  coldness  and  numbness  of  the  extremities,  but  in  a  great 
measure  the  distressing  heat  of  head  from  which,  she  so  constantly  suffered  was  dissi- 
pated. 


CHAPTER  XVTII.1 


CHRONIC   ALCOHOLISM. 


Without  entering  into  any  exhaustive  consid 
symptoms  associated  with  alcohoUc  poisoning  or 
the  possible  pathological  changes  that  may  appear  ii 
the  brain    and  spinal  cord,  we  would  here   biauply 
certain  impairment  of  motor  power  in  the  lower  cx^ 
of  power  simulates  paraplegia,  but  as  a  rule  is  onlj 
plete. 

It  is,  however,  sufficiently  distinctive  to  deserve 
hoHc  paralysis,"  and  is  indicative  of  a  condition  moi 
tlian  the  familiar  general  muscular  and  nervous  dc 
habilual  drinker.     While  in  many  cases  of  alcoholic  p 
dent  that  certain  pathological   peculiarities  must  cxj 
meningitis  of  the  cord  on  the  one  hand,  and  on  the 
the  membranes  of  the  brain  and  spinal  cord,  togetht 
their  substance,  it  is  in  other  cases  as  certainly  « 
structural  change  is  present.     On  no  other  supposii 
for  the  rapidly  and  permanently  beneficial  effects  th) 
low  the  use  of  electrization  in  cases  of  alcoholic  pai 


Symptcmt  of  parapUgia  and  tremhling^  apparently  from  i> 
lants — Retoi'try  under  ctHiral  gatvanitation  and  general 

Case  XXXVIII, — Mr.  ,  a  hotel  proprietor,  was  rell 

Crane,  May  4th,  187a. 

For  maiiy  years  the  patient  had  been  accustomed  to  drink 
or  more  uf  champaync,  and  the  only  apparent  rciull  of  this  exta 
paiittieiit  uf  molor  power  and  a  condition  o[  trembling  in  his  Igf 
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Chronic  alcoholism^  associated  with  tremulousness^  weakness,  insomnia  and  premo- 
nitions 0/  cerebral  effusion. — The  patient  improves  in  all  his  symptoms  under 
general  faradisation  and  central  gatvanination. 

Case  XXXIX — Mr. ,  a  gentleman  of  fifty,  consulted  us  at  the  request  of  his 

physician,  Dr.  J.  O.  Farrington.  For  years  he  had  been  accustomed  to  take  daily  a 
considerable  quantity  of  alcoholic  stimulants,  although  his  libations  did  not,  as  a  rule, 
extend  to  the  point  of  intoxication.  Two  years  before  his  interview  with  us  he  had 
suffered  from  a  persistent  abscess  in  one  groin  from  which  much  pus  was  discharged, 
and  which  left  bis  nervous  system  in  an  exceedingly  depressed  and  shaken  condition. 
He  was  excessively  weak  and  tremulous,  and  sleep  was  impossible  without  the  aid  of 
four  or  five  grains  of  opium.  The  circulation  was  unequal,  and  he  was  annoyed  by 
constant  flashes  of  heat  and  cold  over  every  part  of  the  body. 

In  addition  he  had  frequent  attacks  of  vertigo,  with  numbness  and  tingling  in  the 
extremities,  premonitions  we  inferred  of  cerebral  effusion. 

Without  thought  of  a  radical  cure,  we  submitted  the  patient  to  mild  stances  of 
general  faradization,  alternated  with  central  galvanization,  and  were  rewarded  by  « 
decided  improvement,  as  manifested  by  increased  strength  and  firmer  nerves  ;  sleep 
became  possible  and  refreshing  without  opiates,  and  the  premonitory  symptoms  of 
paralysis  were  much  improved. 

In  the  simpler  and  naore  frequent  form  of  chronic  alcoholism,  in  which 
the  patient  complains  merely  of  nervousness  with  the  various  symptoms 
of  insomnia,  trembling,  visual  hallucinations,  etc.,  the  administration  of 
tonic  remedies,  a  nitrogenous  diet,  and  a  judicious  use  or  an  entire  ab- 
stinence from  drink  are  generally  sufficient  to  insure  recovery.  Even  in 
such  cases  general  faradization  especially  will  greatly  aid  the  above 
treatment  and  will  sometimes  prove  of  infinite  service  in  those  excep- 
tionally obstinate  cases  that  resist  the  ordinary  methods. 


CHAPTER  XIX. 


NEURALGIA. 


Neuralgia  has  usually  been  classified  according  to  the  localif; 
the  pain,  and  corresponding  special  names  are  given  to  it- 

Without  entering  on  the  discussion  whether  neuralgia  is  or  b  not 
an  exclusively  central  disease,  we  may,  for  the  sake  of  convenience  o( 
descripiion,  class  all  conceivable  forms  and  phases  of  it  under  llicse 
four  grand  divisions  : — 

ist.  Constitutional  Neuralgias. — Those  which  arise  from  coD^tn- 
tional  conditions :  anaemia,  neurasthenia  (nervous  exhaustion),  potsoiw 
ing  by  minerals  and  various  diseases,  as  syphilis,  mcrctiry,  lead, ; 
matism,  gout, 

ad.  Central  Neuralgias.— T\\o%t  which  certainly  arise  from  diMMt] 
of  the  central  nervous  system  :  irritation,  perverted  nutriiioa,  inHaiuiiis>| 
tion,  congestion,  and  atrophy  of  the  brain  and  spmal  cord  ;  also  tumors,' 
pressure  of  foreign  substances,  etc. 

3d.  Peripheral  Neuralgias. — ^Those  which  arise  from  local   j 
of,  injury  to,  or  pressure  on,  the  nerve:  neuritis,   neuroma,  aiicaa-i 
wounds,  bruises,  exposure  to  cold,  etc. 

4th.  Reflex  Neuralgias. — Those   which    arise   from    reflex  actkiiLi 
This  class  embraces  a  large  number  of  neuralgias  that  attack  all  po- 
tions of  the  body. 

Electro-diagnosis  in  neuralgia  discovers  the  painful  spots  that  9t 
detected  by  pressure  in  the  course  of  the  affected  nerve,  and  may  abi| 
discover  sensitive  points  on  the  spine,  or  the  head,  that  might,  pech^  1 
have  otherwise  escaped  observation. 

Treatment. — Before  attempting  the  electric  treatment  of  oetira)^ 
we  should  endeavor  to  diagnose  its  general  character,  in  order  lo^ 
cide  upon  the  method  to  be  employed.  In  doubtful  cases  it  is  oco^ 
sary  to  try  in  succession  central,  peripheral,  and  general  treatment 

The  treatment  of  the  different  varieties  of  neuralgia  is  the  bcstttsti 
of  skill  in  electro-therapeutics.     There  is  no  disease  or  sympton  it 
which  the  results  of  treatment  in  different  cases  so  closely  depends 
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die  nature  and  strength  of  the  current  used,  and  the  method  and  (tq 
quency  of  the  applications. 

Cases  that  injudicious  treatment  might  aggravate  may,  by  the  exer- 
cise of  the  skill  and  caution  that  experience  leach,  be  rapidly  cured. 

The  success  achieved  by  electrization  in  the  treatment  of  neuralgia 
has  been  brilliant  and  remarkable,  and  would  be  sufficient  of  itself  to 
entitle  it  to  a  prominent  and  indispensable  position  among  modern 
remedies.  What  is  more  remarkable  still,  is  that  this  success  has  been 
achieved  by  very  diverse  methods  of  applications,  and  with  imperfect, 
indifferent,  or  incorrect  diagnoses.  All  forms  of  electricity — statical, 
galvanic,  and  faradic — in  all  the  different  methods  and  phases  of  elec- 
trization, general  and  localized,  centrally  and  peripherally,  by  currents, 
stable,  labile,  continuous,  interrupted,  uniform,  and  increasing. 

The  pain  is  frequently  relieved  in  the  midst  of  the  application ;  but 
in  such  cases  it  usually  returns  in  the  course  of  a  few  hours,  and  some- 
times with  heightened  intensity.  Some  cases  of  a  peripheral  character 
arc  permanently  di.spelled  by  one  or  two  a[)ptications. 

Electricity  is  applied  for  neuralgia  in  the  following  forms  : — 

General  faradisation  and  central  galvanisation. 
Localized  faradization  or  galvanization^  central  or  peripherals  9t 
both  eombined. 

Galvanization  of  the  cervical  sympathetic, 

£,lectric  brush. 

Electric  nwxa. 

Statical  electricity. 

Electric  bands  and  disks. 

The  magnet. 

Statical  electricity  works  well  in  neuralgia,  and  excellent  cures  have 
been  performed  by  it,  but  there  is  no  evidence  as  yet  that  it  is  in  any 
respect  superior  to  the  galvanic  current  when  rightly  used. 

Many  of  the  failures  and  disappointments  with  the  use  of  electricity 
in  neuralgia  have  been  due  to  the  mistake  of  treating  constitutional  dis- 
eases locally,  and  the  central  varieties  peripherally. 

There  is  one  difficulty  in  the  treatment  of  neuralgia  by  electrization, 
and  that  is  that,  on  account  of  the  intensity  of  the  pain  of  the  disease, 
patients  are  sometimes  unwilling  to  give  the  treatment  a  fair  trial. 
This  difficulty  is  furdicr  increased  by  the  fact  that,  dunng  or  after  the 
first  two  or  three  applications,  the  pain  may  be  temporarily  aggravated^ 
especially  if  the  sittings  have  been  long,  or  with  currents  of  too  great 
etrcngth.     For  this  reason  the  initial  applications  should  be  made  with 
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caution,  and  the  operator  should  not  yield  to  the  teiuptation  to  renew 
them  too  frequently.  Once  a  day,  or  every  other  day,  is  about  as  often 
as  applications  can  be  made  with  benefit. 

As  before  remarked,  the  methods  of  applying  electricity  must  be 
studiously  adapted  and  varied  to  each  case,  ever  keeping  in  mind  that 
all  methods  of  using  electricity  have  been  successful  in  this  disecue^  «•/ 
that  no  one  method  is  uniformly  successful  even  in  the  same  variety. 

Besides  the  central  and  general  electrization,  which  is  to  be  con- 
ducted on  general  principles,  in  order  to  affect  the  seat  of  the  distdu^ 
all  the  varieties  of  neuralgia  may  demand  more  or  less  treatment  in  the 
seat  of  the  pain.  For  this  purpose  we  may  use  either  faradic  or  gtl<^ 
vanic  currents.  Although  the  faradic  achieves  excellent  results  >ct 
some  of  the  most  striking  results  have  been  obtained  by  ti  '      .ic 

It  sometimes  relieves  the  pain  when  the  faradic  only  ai;^  ^  ii.« 

After  the  faradic  current  has  been  tried  a  few  times  without  cft'cci^  mt 
should  never  abandon  the  case  without  resorting  to  the  galvanic,  or  the 
two  currents  may  be  used  alternately.  As  a  rule,  the  applicaiiooi 
should  be  short  and  made  with  a  mild  current ;  but  this  role  has 
marked  exceptions.  There  appears  to  be  no  special  law  in  regard  to  the 
direction  of  the  current.  The  strong  statements  that  have  been  made  in 
regard  to  the  sujieriority  of  one  or  the  other  pole  in  this  disease  txt 
not  sustained  by  experience.  Either  the  positive  or  the  negative  pole 
may  be  placed  over  the  painful  points,  while  the  other  pole  is  applied 
near  or  on  the  nerve  centre.  Thus,  in  neuralgia  of  the  arms,  one  pole 
may  be  placed  at  the  cilio-sinnal  centre,  and  in  neuralgia  of  the  legi) 
on  the  lumbar  vertebras,  and  the  other  on  the  affected  nerve  (sfiiBil* 
cord-ner\'e  current). 

The  electric  moxa  is  sometimes  more  rapidly  efficacious  in  neoralgift 
than  any  other  method  of  treatment.  It  is,  however,  a  vc»y  painful  pro* 
cedure,  and  many  patients  will  not  bear  it. 

It  seems  to  act  partly  as  a  counter-irritant.  Meyer  very  stroo|^ 
advocates  the  use  of  electric  moxa  in  neuralgia,  and  sustains  his  pogtioQ 
by  a  number  of  cases.  Very  few  American  patients  in  the  higher  walk* 
of  life  will  bear  this  severe  method  of  using  electricity. 

General  Prognosis. — Take  the  cases  as  they  arise,  without  reference 
to  their  pathology,  duration,  or  situation,  neuralgia  offers  a  very  favor- 
able prognosis.     The  majority  of  cases  will  be  cured  or  |>enuaQead]r 

•  The  statements  of  Nicmcycr  and  others  that  the  faradic  current  newer  ssocfi^ 
in  neuralgia  after  the  galvanic  fails,  is  not  true.  We  have  seen  several  ciuei  w^^ 
rdicf  was  obtained  by  faradiration  with  Kidder's  continuous  machine^  aficr  C*'**'** 
ntion  had  at  least  apparently  failed. 
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improved.     Patients  who  have  the  neuralgic  constitution  are  liable  to 
relapse  in  time,  however  successful  the  treatment  may  have  been. 

Paroxysmal  attacks  of  a  most  itistressing  general  neuralgia^  associated  with  menor-' 
rhagia  and  anasthesia^  treated  by  general  faradiiati^n — Recovery. 

Case  XL.— A  lady  about  30,  raarrit^d,  but  childless,  had  suffered  from  several  mis- 
carria^c-s  and  had  been  (realed  fur  a  long  time  for  vilccralion  of  the  neck  of  the  uterus 
that  finalJy  ytcWed  to  local  applications.  Up  to  her  twenly-fifih  year  she  had  enjoyed 
a  good  degree  of  liealth;  but  after  her  first  miscarriage  she  began  to  suffer  from  pro- 
longed menstruation,  attended  with  an  excessive  flow.  This  condition  had  existed 
bat  a  few  months  when  the  patient  began  to  experience  certain  wandering  pains  over 
the  body,  that  became  more  marked  at  each  return  of  the  catamenia,  until  the  par- 
oxysms afsttmed  a  most  distressing  character.  They  were  usually  ushered  in  by  ten- 
derness and  a  sensation  of  oppression  in  the  epigastric  region.  Througliout  the  whole 
attack  the  most  acute  pain  would  be  felt  over  the  stomach,  and  was  attended  hy  vomit- 
ing. Most  of  the  body  was,  however,  to  a  greater  or  less  extent,  affected  by  the  dis- 
order. The  head  became  tender  to  the  touch,  the  eyes  intolerant  to  light,  and  the 
tongue  and  mucous  surfaces  of  the  cheek  would  be  affected  by  a  very  annoying  sensa- 
tion of  numbness.  Several  times  a  year  she  was  pro&lrated  by  symptoms  that  were 
very  sudden  in  their  onset,  and  exceedingly  alarming  in  character.  The  pulse,  almost 
without  warning,  would  fall  to  40  or  45  in  the  minute,  and  become  so  feeble  as  to  be 
hardly  perceptible.  The  power  of  arlicubtton  left  her,  the  aniesthcsia  of  (he  mouth 
and  tongxie  became  complete,  and  her  face  asi>umed  a  deadly  color  and  coldness. 
These  attacks  lasted  from  twenty  minutes  to  half  an  hour,  and  were  treated  by  the 
free  use  of  brandy  and  carb.  of  ammonia.  An  application  of  general  faradization, 
given  one  evening  during  one  of  her  periodical  monthly  paroxysms  so  rcJt<r^'ed  the 
distress  that  a  quiet  night  was  the  result.  It  may  be  here  stated  that  it  was  impossi- 
ble for  the  patient  to  take  opium  in  any  form  with  benefit.  Excce<lingly  small  doses 
caused  -sleeplessness  and  the  most  intense  excitement.  Invariably  alter  this  we  found 
that  a  similar  application  would  greatly  alleviate  the  pain.  The  main  idea,  however, 
was  to  strengthen  the  general  system,  and  so  prevent  these  attacks.  For  this  purpose, 
on  every  other  day  she  was  treated  thoroughly  by  general  faradiration,  and  it  was  not 
long  before  its  good  effects  were  manifest.  In  the  course  of  a  few  weeks  her  powers 
of  endurance  had  increased  considerably ;  and  when  the  menses  appcarei!  they  were 
of  shorter  duration,  and  attended  with  a  much  less  loss  of  blood  than  before.  The 
neuralgic  pains  were  incomparably  less  severe,  and  she  rallied  to  her  usual  condition 
immetliatcly.  .-^fter  remaining  under  treatment  several  months  she  was  discharged  as 
cured.  Five  years  have  elapsed  since  treatment  was  discontinued,  but  she  has  never 
suffered  since  from  those  occasional  attacks  of  which  mention  was  made.  Her  men- 
ses continue  r^ular  and  normal ;  and  it  is  only  after  great  provocation  that  she  evei 
experiences  paroxysms  lik&  those  of  former  days. 

Jn/ereostal  neuralgia  of  a  malarial  origin — Recovery  under  general  faradi*atiem 

and  quinine. 
Case  XLI. — A  young  m.-in,  who  had  been  exposed  to  the  hardships  and  dangers  of  a 
frontier  life,  was  suffering  from  distressing  pains  that  were  confined  mainly  to  the 
thoracic  region  on  dlher  side.     Several  months  before  we  saw  him,  he  was  prostrated 
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by  an  attack  of  iotermittent  fever  that  recurred  several  tttnes  afker  being  ajiparciitly 

sabdued. 

One  of  the  paroxysms  was  followed  by  what  his  attendant  called  «*  tr^w  agat**— 
a  temn  not  unfamiliar  some  years  ago  to  the  residents  of  malarial  diHricts.. 

It  was  chnraclerizcNl  by  sharp  ^houtinj;  pains  all  over  the  head  and  face,  aflctls^ 
however,  especially  the  forehead  and  eyes.  The  neuralgic  sytuptom»  soon  almolaaed 
the!«  parts,  but  in  a  few  days  manifested  thcm!Klvca  by  an  uniuuaUy  severe  t>aroaTS 
in  the  chciit  and  &ide.  For  a  number  of  monthi  Ixrfore  he  fell  under  uar  notie^  f 
tacks  uf  intercostal  neuralgia  occurred  at  intervat.s  of  two  or  three  days. 

The  jMlicnt  experienced   no  distinct  chills  or  markecl  febrile  excitement,  Iwt  dv 
neuralgia  was  almost  iavariably  Ui>hered  in  hy  a  creeping  sensation  of  cold  ilo« 
back  and  limbs.     The  exciting  cause  was  unduuhtcdly  a  malarial  poison.     The  i 
nosis  of  neuralgia  was  unmistakably  confirmed  by  the  presence  of  that  almost 
nomonic  symptom,  namely,  pain  on  pressure  over  the  spinous  process  of  one  nf  iticlttl  | 
dorsal  vertebne.     A  gradual  improvement  took  place  under  frequent  gcr«cral  ap]iliGi-| 
tions  of  the  faradic  current.     Quinine  was  administered  at  the  same  lime,  so  that  t 
cannot  state  in  positive  terms  the  exact  amount  of  credit  due  electrization.      It  flMMt| 
be  remembered,  however,  that  quinine  had  been  taken  for  some  time  prrfioudy,  j 
was  followed  by  no  very  marked  results.     The  fir>l  application,  adiikiiiisfered  Aot'mt  i 
paroxysm  of  ordinary   severity,  was  followed  by  a  vei-j'  grateful   amtJioratHW  ul  tie 
pain,  and  in  all  subsequent  attacks  the  same  result  followed. 

Ten  applications  served  to  break  the  periodicity  of  the  attacks,  and  lo  plooe  lamm 
a  plane  so  little  below  the  normal,  that  it  could  be  fairly  said  of  him  XhM.  be  wm 
approximately  cured. 


Jntenostal  neuralgia,  resiiltitig  from  expitsure  to  tamp  life — Spinal  fs-rifaUm 
Debility — Rapid  improt'tment  and  recovery  under generai  /arttJitaSi^n, 

Case  XLII.— L.  C,  aged  28,  serveil  in  a  Nevada  regiment  for  three  yrart  4m1 
the  war.      After  his  discliargc,  in  the  fall  of  1865,  he  was  taken  with  acute  artic^  I 
rheumatism,  which  conhned  him  to  a  hospital  during  the  whole  winter.     The  api^  ' 
found  him  much  better,  and  in  a  few  months  there  seemed  to  be  no  vestige  of  tlie  li«r 
roatism  remaining.     His  health  remained  delicate.     In  July,  1S66,  he  «astaL<D«tti 
severe  pains  in  the  back  and  side.     He  was  treated  by  localized  faradlzaiicaia  k« 
times,  but  with  no  appreciable  benefit.     The  neuralgia  increased  in   severity,  t«T*Ht 
itself  between  the  ribs.     In  January,  1867,  he  applied  to  us  for  treatment.      Hew 
then  extremely  weak,  and  presented   a  remarkably  anaemic  appearance.      There  «» 
very  ^c.ii  hypcritr»the?ia  over  the  peripheral  expansion  of  the  affccicd  nervct.     SliL'il 
urilation  l>y  the  finger-nail,  or  moderate  pressure  by  the  hand,  was  sufficient  to  zxmt 
consid«rablt;  (>ain.      On  account  of  his  extreme  sensibility  he  was  obligei]  to  stiitstllMr 
for  the  coaric  red  flannel  which  he  had  been  accustomed   to  wear,  an  undenhirt  ••* 
finer  texture.     Pressure  made  upon  the  first  spinous  processes  of  the  doinaU  •ertctai 
caused  no  uneasiness,  but  wheti  the  sivth  and  seventh  processes  wcie  fin«ly  tt^aik, 
the  patient  loudly  complained.     We  gave  him  a  general  a]>plication,  as  is  war  rw>9^ 
in  such  cases.     The  whole  system  was  brought  powerfully  under  the  influence  0^  d« 
faradic  current.     The  application  at  once  relieved  him,  and  in    three  dmtt  he  ••» 
directed  to  come  again.     During  that  time  he  suffered  mudi  less  than  ^«ual  ;  kai<^ 
petite  had  improved,  and  for  the  first  thirty-six  hours  he  was  much  invigomieiL      Bl 
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I  9%  for  one  month,  during  which  time  he  received  tea  general  applications.    The 
nt  was  uninterrupted  from  the  beginnings 
•  the  fourth  application  he  suffered  no  mcire  from  the  neuralgia.     The  color 
to  hit  clieek  ;  his  appetite  became  more  vigorous  from  week  to  week,  and 
i  be  discontinued  treatment,  we  regarded  hixn  as  comparatively  well 

bb  case  called  for  a  powerful  constitutional  tonic.  Hardships  in 
'  and  previous  disease  had  reduced  his  stock  of  vitality  to  such 
ee  that  our  ordinary'  internal  tonics  failed  to  produce  their  accus- 
results.  His  nervous  sysieni  had  been  so  sliaken,  and  all  his 
ODs  so  disturbed,  that  he  could  not  assimilate  the  iron  and  bitters 
were  so  much  needed.  It  is  in  such  cases  that  general  faradiza- 
I  achieves  most  satisfactory  results. 
ntra/  JVeuraigia. — Under  this  head  we  inchide  those  cases  of 
gic  pain  that  certainly  depend  on  pathological  lesions  of  the 
1  ner%'ous  system. 
he  neuralgic  pains  of  locomotor  ataxia  belong  to  this  class. 
:  who  with  Dr.  Anstie  regard  neuralgia  as  a  distinct  disease,  de- 
al on  atrophy  of  the  roots  of  the  nerves,  do  not  regard  these  pains 
lily  neuralgic.  Under  this  class  also  come  certain  varieties  of 
Ke  and  cervical  neuralgia. 
^phalalgia  {Headache), — Headache  should  be  treated  by  general  or 
llized  electrization,  according  to  the  indications  of  each  case.  Dry 
dization  with  the  hand  is  used  successfully.  Stable  galvanization 
iradiration,  uniform  or  increasing,  may  be  employed.  Labile  ap- 
ations  with  the  moistened  hand  are  sometimes  of  service.  General 
dization  is  more  effective  than  localiied,  for  the  reason  that  in  so 
&  proportion  of  cases  the  pain  in  the  head  is  so  very  frequently 
iptoinatic  of  disease  of  other  parts  of  the  body,  the  precise  nature 
i locality  of  which  we  cannot  possibly  detect.  Central  galvanization 
iometimes  more  efficacious  than  any  other  method.  Relief  not  im- 
JJently  follows  galvanization  or  faradization  of  the  stomach,  or 
iels,  or  spine,  or  galvanization  of  the  sympathetic,  even  when  the 
I  is  not  touched.  Applicatwiis  to  tht  back  of  the  neck  are  sometimes 
r  ejuacious  than  direct  applications  to  the  head, 
ff^nosis, — Although  headache  in  this  country  is  even  a  more 
uent  symptom  than  dyspepsia,  yet  patients  do  not  usually  apply  for 
Ittatment  for  this  symptom  alone,  but  only  when  it  is  associated  with 
flJorc  special  and  distinct  affections.  The  immediate  effects  of  elcctriza- 
i'la  headache  are  as  variable  as  the  pathology  of  the  symptoms.  It 
times  relieves,  sometimes  aggravates,  and  sometimc^s  gives  only 
ve  results.     Sometimes  the  pain  is  relieved  in  the  midst  of  the 
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sitting ;  more  frequently  the  relief  does  not  appear  for  several  hoitft. 
There  is  no  reason  to  be  discouraged  because  immediate  relief  is  not 
obtained.  In  very  many  of  our  cases  of  dyspepsia,  of  anaemia^  chlorosilk 
nervous  exliaustion,  paralysis,  headache  is  a  ntore  or  lesa  constutt 
symptom,  from  which  during  the  treatment  they  usually  obtain  either 
relief  or  cure.     In  rare  cases  all  other  symptoms  yield  but  this. 

In  many  of  the  cases  of  dyspepsia,  neurasthenia,  anemia,  and  bjfl* 
teria,  headache  was  a  prominent  symptom,  which  was  not  only  tem- 
porarily but  permanently  relieved  by  the  treatment.  If  we  were  to  judge 
from  our  own  observations,  electrical  treatment  is  even  more  cfBcacioiis 
\o  prevent  attacks  of  headache,  by  improving  the  tone  of  the  system, 
than  to  dissipate  the  pain  after  it  has  once  set  in. 

The  Magnet — The  therapeutical  results  that  have  been  ohtained  by 
tlie  magnet  in  the  treatment  of  headache  are  not  sufficiently  encourag- 
ing to  entitle  It  to  special  notice.  Something  has  been  claimed  for  it, 
but,  as  a  rule,  it  has  been  found  that  it  is  necessary  that  the  patient 
should  be  of  a  peculiarly  impressible  organization,  in  order  to  be  in  the 
slightest  degree  affected  by  it.* 


Frequent  and  severe  headachts  in  a  girt  of  fifteen  since  the  age  of  four — Ai 
mate  recovery  under  a  mantk  of  central  gatvanitation — Sidtse^ueni  rtlaPte» 

Case  XLIH. — Mi<B  C,  aged  15,  consulted  us  at  the  suggcfttion  of  her  phy&icu*. 
Dr.  Everett  Memck.  The  patient  was  small  of  her  age  and  menstruated  first  «t  tW 
age  of  eleven.  Iri  regard  to  here<.litary  influences  it  may  be  said  that  her  father 
for  many  years  suffered  from  periodical  attacks  of  headache,  and  that  her  aa 
siiters  of  her  father,  had  also  menstruated  at  about  the  same  early  age  as  the  eali^ 
herself-  The  following  were  the  symptoms  for  which  relief  was  sought  :  Si 
age  of  four  she  had  suffered  intensely  from  head.-ichcs  associated  with  vomiting, 
latterly  had  increased  in  frequency  until  four  out  of  the  seven  daj'x  of  ilic  week 
the  ordinary  ratio  of  the  sick  days  to  the  well  days.  It  may  be  remarked,  howcrrr,  (i«t 
at  no  time  was  she  entirely  free  from  p.iin.  The  general  health  and  strength  of  t^ 
patient  was  fair;  hut  the  circulation  was  feeble  and  the  appetite  not  very  gtjod.  Cc9> 
ttal  Irealmen!  being  indicaterl,  we  Iwgan  the  use  of  this  melhc^l  by  the  applicfttiott itf 
the  g.ilvnnic  current  from  four  ordinary  zinc-carbon  cells,  and  during  the  tNAlsMM^ 
consisting  of  seventeen  seances,  and  extending  from  May  loth  to  June  t6th,  *»«  R«i- 
nally  increased  the  number  of  cells  to  eight.  It  was  observed  thut  the  attacks  rrntflf 
decreased  in  frequency  ami  severity,  and  when  she  left  the  city  for  the  annoal  vgama 
vacation  she  «'as  but  little  annoyed  by  her  old  enemy.  We  learned  incideiaailf  tlaC 
sub^uently  the  patient  relapsed. 

*  Tripier  (Annates  de  1' Elect roth^rapie,  tS63)  presents  %.  r^iun^  of  some  mc 
Very  convincing  expeilments  of  I'Abb^  Le  Noble  in  the  treatment  by  the  maj^Mi  U 
headache  and  other  nervous  affections.  The  experiments  were  recorded  by  AaAv 
and  Thouvct,  in  "  M^moLre  sur  le  Mognc^lisme  Medicinal."     Paris^  178a. 


CASES   OF    CEPHALALGIA. 


477 


■  and  detp^eated  eepAaialgta — Permanent  relief  followi  central  galvanixa- 

tion. 

Casx  XLIV. — A  patient  from  whom  a  large  fibrous  tumor  of  the  ulerus  had  been 
icmovcti  several  months  before  she  fell  under  our  observation,  complained  of  such 
«onsl«.nt  and  severe  neuralgic  pains,  which  seemed  seated  in  the  centre  of  the  brain, 
t  at  time&^e  almost  lost  control  of  herself  both  physically  and  mentally.  Neuralgia 
\  been  a  symptom  from  which  she  bad  suffered  more  or  less  for  years,  but  far  less 
in  degree  than  after  the  oj^eration  mcntioiietl.  From  March  12th  to  30th, 
1872.  central  galvanization  was  applied  on  five  occai^ions  and  with  excellent  results. 
The  p»ins,  although  not  entirely  dissipated,  became  far  less  distressing  in  character, 
lod  ceased  atlogclher  to  exert  any  mental  intluencc. 

'  dysasthesta,  associated  with  severe  cef'halalgia  of  twenty year^  standing—^ 
Decided  relief  under  central  gatvantaation. 

fCA«  XLV. — Mrs.  T.,  who  was  directed  to  us  by  Dr.  C.  R.  Agnew,  had  for  20 

nHifTcrcd  from  an  almost  constant  and  painful  heaviness  abottt  the  head  and  eyelids. 

with   this  S)'mptom   were  frequent   periodical  attacks  of  the  most  intense 

For  the  last  few  years  the  patient  had  complained  of  a  local  neuralgia  of 

rare   occurrence,  noticed  by  Hanficld   Jones  as    "throat  dysossthcsia," 

agiawas  present,  with  a  sense  of  impending  suffocation,  with  heat  and  dryness. 

xlion  revealed  no  inflammation  sufficient  to  account  for  the  distress. 

The  treatment  consisted  of  some  25  applications,  almost  wholly  by  the  method  of 

mtnlgiivaiiization,  and  with  most  decidedly  beneficial  results.     The  heaviness  of 

ebeid  and  eyes  was  much  relieved,  and  the  cephalalgia  occurred  at  far  greater  in- 

!»ancl  with  less  severity. 

I  Tite  throat  difficulty  yielded  more  read:]/  and  completely  than  the  other  symptoms. 

It  was  a  noticeable  fact  in  the  history  of  the  treatment  of  the  above 
I  ihat  at  the  outset  a  mild  current  of  say  from    five    cells,  when 
lipplitd  !o  the  eyes,  while  it  was  not  unpleasant  and  produced  no  aggra- 
'Mwn  of  pain,  signally  failed  to  relieve. 

A  current  from  three  cells  was  invariably  followed  by  immediate 
*Iicviation  of  pain. 

^fftffttnt  and  constant  cephalalgia  of  long  standing— Anasthesia.  of  head — No 

relief. 

CwE  XLVr. — Mr.  R.,  a  clerk  aged  22,  was  referred  to  us,  April  22,  1869,  by 
*^-  lUllet,  of  Brooklyn.  Tlic  yoting  man  had  been  many  months  a  sufferer  from  per- 
•"sfflU  paia  through  the  head,  in  all  parts  of  it,  even  to  the  back  of  the  neck.  Treat- 
^9it  had  been  of  uo  avail.  His  constitution  was  of  the  nervous  variety,  and  his 
^ptom  was  aggravated  by  his  sedentary  mode  of  life,  and  by  any  sustained  mental 

EUcttic  examination  wtth  both  galvanic  and  faradic  currents  demonstrated  a  very 
^mual  lack  of  sensitiveneii  to  the  current  an  all  parts  of  the  head,  which  in  health 
On  bear  only  very  gentle  currents.     All  the  modifications  of  electrization  were  em* 
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j>1nyed  for  four  weeks,  without  making  the  feeblest  imprcsxion  on  the  symploms,     Nc 

temporaiy  relief  could  be  obtained  either  during  or  after  the  stance.  The  tnorf  an* 
usual  fact  of  all  wx<>,  that  the  pain  could  not  be  temporarily  aggra^-ftted  or  clian^cd 
iu  its  character,  even  by  powerful  and  wmcwhat  prolonged  gatvaniiation.  The  fail* 
nie  was  complete;  after  four  weeks'  treatment  the  patient  vras  disinijsc<L,  no  better 

and  no  worse  than  at  the  outset  of  the  trealmeol. 

» 

The  patient  a  few  years  subsequently  committed  suicide,  being  dmca 
to  the  desperate  act  by  constant  and  unrelieved  pain. 

A  careful  post-mortem  examination  made  by  Dr.  A.  B.  Crosby,  to  die 
presence  of  Drs.  E.  S.  Bunker,  S.  G.  Armor  and  ourselves,  revealed  no 
pathological  lesion  that  would  satisfactorily  account  for  the  sviuptc 
during  life. 

Sukfteaa\i<rhe  {Migraine), — The  results  of  our  treatment  ol  sic 
headache  by  electricity  have  not  been  quite  inconsistent.  In  some  cases 
the  relief  has  immediately  followed  treatment ;  in  other  cases  somt 
time  after  treatment ;  in  still  other  cases  there  has  been  no  relief  tenw 
porary  or  permanent. 

Siek-fuadacfu —  Vomiting — ^A'*  relief  from  fara4iaAtian, 

Cask  XLVII. — In  the  case  of  a  young  lady,  the  onset  of  the  pain  is  ▼cry  | 
Without  the  slightest  warning,  when  tit  church  or  walking,  at  the  piano  or  < 
in  household  duties  her  vision  will  l>ecome  blurre^l.  Ob;ects  before  her 
dance  about  in  every  dircclinn,  anH  she  is  unable  to  recognise  fainitiax  Caon.  )(• ' 
barometer  is  so  accurate  in  indicating  storms  ns  arc  these  nervous  symptoms  in  faee- 
telling  the  commotion  about  to  tnke  place  in  her  system.  Soon  the  blur  Wfore  tte 
eye*  partially  disappears,  and  a  most  raging  headache  sets  in.  The  arteries  tn  tW 
temples  swell,  and  pulsate  with  great  rapidity  and  force.  Sharp  lancinating  pttM 
dart  all  over  the  head  and  through  the  eyes.  As  a  rule,  vomiting  of  a  grumou«-kaal< 
ing  liquid,  mixed  with  bile,  accompanies  the  other  s>-mptoms.  After  lastii^  (roni  ts 
to  24  hoursi,  the  severity  of  the  attack  abates,  leaving  her  in  a  somewKal  ticbiiitaMl 
state,  from  which  she  soon  recovers.  Eleclrialion  failed  to  give  any  relief.  Ikoay* 
of  potassium  is  the  only  remedy  that  has  any  effect  wliatever.  Criveu  in  doacs  of  3B 
grs.  as  soon  as  the  eyes  become  blurre<l,  it  wilt  frequently  lessen  the  scv«rii*  o(  Ckc 
pain  in  the  head. 

In  the  case  of  a  sister  of  the  above  the  headache  is  preceded  by  no  blttrrfaff  of  tW 
eyes,  but  is  accompanied  by  an  excessive  and  distressing  sense  of  ftrroovtrntu  caM^ 
the  patient  to  throw  her  limbs  and  body  about,  and  to  "  feet,*'  to  uae  her  own  «iaK^ 
Eion,  "  as  if  she  would  fly."  A  number  of  ap]>Hcations  of  the  farodts  cnrr^si  «irtM 
her  to  overcome  \\m  feeling  of  nervousness,  and  thus  relieved  her  of  one  wrr  asMt* 
ing  symptom  of  her  disorder.  Generally,  though  not  always,  in  tJi€  ca«cs  jto*  icialdL 
these  attacks  of  sick-headache  occur  just  before  or  during  the  menstrttaJ  period,  ■! 
so  would  seem  to  be  influenced  in  some  measure  by  this  function. 

The  true  principle  of  treatment  is  to  tone  up  the  system  by  a  p«»fr 
vcring  use  of  general  faradization  and  central  galvanUaticm,  with  -tKV* 
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so  that  the  paroxysms  may  be  less  frequent  and  less  severe ;  in 
Bier  words,  to  combat  the  nervous  diathesis  of  which  the  sick-headache 
\  but  a  symptom. 

j  The  following  case  illustrates  the  advantage  of  carrying  out  this  prin- 
pple  of  treatmenL 

\iiu  »f  uverat  years'  standing  in  a  lady  of  a  verynervoHS  temperament — Very 
great  and  permanent  improvement  under  central  galvanization. 

;  XLVIII. — Mrs.  K-,  a  you n^  married  lady,  daughter  or  a  physician,  wa^ofa 
Djr  nervous  organiiation  by  inheritance,  and  had  suffered  from  neurastlienia, 
I  irritation,  and  especially  from  frequent  attacks  of  migraine.  We  treated  her 
[  the  intervals  of  her  attarks  for  twelve  times  by  central  jjalvanization.  There 
•  nunediate  improvement ;  the  attarks  became  less  frequent  and  lc<s  severe.  The 
Ljapovement  advanced  after  treatment  «asdi5Continued»  until  she  was  almost  entirely 
nm  migraine. 

NEURALGIA — (ePII-EPTTFORM     KEURALGIA — FOTHERCILL's    DIS- 
EASE— TIC  douloureux). 

I  neuralgia  appears  under  two  forms.     The  mild  form  is  usually 

^peripheral  character,  being  caused  by  neuritis,  pressure  from  elfu- 

jior  decayed  teeth.     This  form  usually  yields  readily  and  surely  to 

ation.     The  severe  form,  to  which  Trousseau  has  given  the  name 

ptiform  neuralgia,  is  probably  of  a  central  character,  being  caused 

jfvariety  of  pathological  conditions  of  the  brain. 

E  symptoms  of  this  form  of  facial  neuralgia  are  the  spasmodical  and 

[■Wy  intense  character  of  the  pain  in  the  course  of  some  of  the  branches 

of  the  fifth  pair.     The  spasms  are  of  very  short  duration — ten  to  fifty  or 

^  »i«y  seconds — and  may  be  accompanied  by  convulsive  action  of  the 

es.     The  attack  may  be  brought  on  by  any  exercise  of  the  jaws, 

ewing,  reading,  eating,  or  talking.  The  pain  is  so  great  as  to  cause 

iiient  to  slap  his  face,  or  frantically  rub  the  spot  over  the  seat  of 

kin.  Sometimes  patients  who  have  great  self-control  stamp  violently 

iSMne  floor,  jump  up  if  they  chance  to  be  sitting,  pace  the  room,  and 

^■piercing  cries. 

^Bb  terrible  disease  has  usually  been  regarded  as  almost  incurable, 
^|n  so  pronounced  by  Trousseau,  who  has  graphically  described  its 
fSnptorns.*  Section  of  the  nerve,  of  which  so  much  was  once  ex- 
■OKi,  is  now  but  seldom  used,  and  permanently  succeeds  only  in  ex- 
^ftnal  cases. 
P^y  a  judicious  and  varied  use  of  peripheral  faradization  or  galvaniza- 

*  See  his  Lectures,  Baeire's  Translation,  part  I,  p.  105. 
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tion,  or  by  the  electric  moxa,  or  by  galvanization  of  the  brain  or  ccrvi 
cal  sympathetic,  a  certain  portion  of  these  terrible  ca  >es  can  be  rclicv«l 
or  cured.  Our  experience  does  not  yet  enable  us  to  say  what  propor- 
tion the  failures  will  bear  to  the  successes  ;  but  if  one  case  out  of  ten  (-in 
be  relieved  or  cured,  it  is  justifiable  to  try  electricity  in  all,  since  noft 
other  modes  of  treatment  offer  no  hope. 

We  present  typical  examples  of  both  failure  and  success  in  the  dec- 
irical  treatment  of  this  disease. 

Epileptiform  nntraJgia  of  left  side  t>f  fate,  ef  /w<»  )/e«r/  standings  trtmNiwiA' 
out  benefit  by  variotti  methodt  of  electrisatian. 

Case  XLIX,— Mr.  P.,  aged—  was  sent  to  us,  Nov.,  1S69,  by  Dr.  WiM 
Parker,  with  lypical  symptoms  of  epileptiform  neuralgia.  The  patient,  though  san 
of  mild  temperament,  stamped  furiously  on  the  ftoor.  even  while  telling  us  hU  liktan. 
The  spasms  of  pain  appeared  in  one  s}>or,  in  the  courM  of  the  lower  l>nu»cli  of  tte 
trifacial.  The  general  health  of  the  patient  was  iu<t  greatly  tmpAtred,  altboufh  fat 
had  Miflcred  for  two  years. 

We  trieil,  in  succession,  all  means  of  electrical  treatment,  with  both  cuireiUs.  Al 
one  time  snnie  temporary  Ijenefit  ajjpcated  to  have  been  •Icrived;  it  waa«  bo««vcr,  ol 
ihort  duratk>n,  and  the  paroxysms  returned  iti  full  force. 

After  ten  applications  the  patient  abandoneil  treatment,  utterly  disbeartened. 

In  the  above  case  we  made  the  applications  twice  a  day,  as  Ac 
patient  could  stay  but  a  short  time  in  town.  It  is  possible  that  beUtf 
results  would  have  followed  if  a  longer  interval  had  been  allowed. 

We  now  turn  to  the  pleasanter  side  of  the  picture. 

Epileptiform    neuralgia  of  tvfo  ytarf   standing — Imprm>emtHt   under  hetSai 
faradtMlion  ;  temporary  oggravati^ftt  by  galvaniiotitrt. 

Cask  L. — Mr.    M.,   aged  65,  of  extraordinary  vigor  of   constitniion  tad  p*»  i 
fectly  temperate  in  every  habit,  stated  that  some  two  years  »nce,  in  the  ywfx  t8($.  k* 
first  noticed  a  liight  pricking  sensation  under  the  lobe  of  the  left  ear. 

For  one  ye-tr  this  feeling  octurrctl  ouly  occasionally,  and  annoyed  him  \mA  fink 
At  the  expir.aliun  of  this  time  the  attacks  became  more  frequent,  were  coniiklcn&i)^  j 
prolonged,  and  produced  actual  pain. 

It  was  a  singular  feature  associated  with  Ins  condition,  that  exposure  to  tiw  « 
rays  for  a  few  moments  would  invariably  occasuon  an  attack  of  pain.  AbootlMi  I 
time  the  loss  of  a  large  amount  of  money  was  a  cause  to  him  of  great  ajuidy  d  \ 
mind,  and  evidently  aided  in  aggravating  his  disorder.  The  paroxysns  of  nUa  i^ 
creased  in  frequency  and  severity,  until  it  was  his  sorrow  to  suffer  the  greater  |Hrl  d 
everyday  from  the  excruciating  torture  of  the  worst  form  of  facial  ncttralgu*  At  1 
night  he  suflfcred  but  little,  but  with  the  ri^ng  of  the  sun  his  distress  beffUL  H*  J 
instant  he  opened  his  mouth  to  ^pcak,  darting  pams  would  ihoot  over  cvcxy  prttf  I 
of  his  face,  followed  by  a  profuse  flow  of  saliva. 

The  act  of  eating  was  attended  with  even  greater  cnfTerlng,   uul   frypfnriy  )» 
would  continue  hungry  for  hours  rather  than  make  the  attempt. 
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two  yarn  he  suflTered  in  this  manner,  without  dicing  able  to  obtain  more  tban 
tiponry  relief.  Upon  applying  to  us  we  immediately  localized  an  exceed- 
tld  and  fine  faradic  current  ihroujjh  the  different  ramifications  of  the  fifth 
r,  with  imme>liate  beneficial  effect.  The  pain  from  which  he  was  then  suffering 
lued,  anil  during  the  two  succeeding  days  paroxysms^  of  pain  were  much  le&s 
ocilcd  than  u^iial.  A  second  application  resulted  in  still  further  improve- 
';  but  at  the  third  visjt,  hoping  to  accelerate  the  cure,  we  made  use  of  a  mild 
dvmic  current  from  six  of  Hansen's  cells. 

The  effect  was  most  disastrous.     The  neuralgic  attacks  retiirned  with  more  (ban 

riimry  severity,  and  gave  the  patient  no  re'vt  until  we  .>iaw  him  a^jain  the  nest  day. 

l«  application  of  the  faradic  current  again  relieved  the  pain  as  edettually  as  Wfore. 

Stom  tWii  time  onward,  nnder  the  exclusive  use  of  the  faradic   current,  the  im- 

it  was  uninterrupted,  until,  after  remaining  under  treatment  six  weeks,  and 

eighteen   applications,    he  was  discharged    approximately   cured.     Occa- 

ly,  d\er  x  long  conversation,  he  feels  something  like  a  twinge  of  the  old  pain, 

i»so  sligfit  a^  to  give  him  little  annoyance, 

}i9f  the  supfriirr  maxillary  ami  ophthalmic  branches  of  the  fifth  pair,  fol- 
YitrahismMs  coirvcrgent  anJ  projection  of  the  eyeballs— Treat ntent  by  lixaU 
•adisaticn — Rtctrvery. 

IJ.  —  In  Septeml>er,  1867,  the  following  quite  novel  case  fell  under  our  ob- 
The  patient  was  a  married  lady  (agt<i  35),  who  stated  that  in  July,  i8C>6, 
^ WIS  taken  suddenly,  during  the  night,  with  severe  neuralgic  pain  in  the  right  sitie 
irf the  face,  along  the  course  of  the  su|ierior  maxillary  division  of  the  fifth  (>air.  Since 
Ik  firyt  attack  the  pain  had  been  almost  constant,  and  frequently  occurred  in  pro- 
•oogol  Mid  acute  paroxysms.  Before  the  disease  uianifcsletl  it»clf,  she  was  of  a  full 
nditmii  hibii,  and  had  enjoycl  good  health.  Her  sufferings,  however,  made  alarm- 
ias inroad*  upon  her  general  constitution.  When  we  first  saw  her  she  was  markedly 
n»l»nJ  anaemic. 

SKcHus  able  to  take  but  little  exercise,  and  her  appetite  was  poor  and  capricious, 
'0  April,  t86S,  the  ophthalmic  branch  became  affected,  and  the  pain  changed  its  seat, 
Pwriiitig  along  this  nerve  and  seeming  to  spend  itself  Ijchind  the  eyeballs.  Siraliismus 
fOBvcn^^nl  fuUowed  almost  immediately,  anil  the  eyeballs  rapidly  projected,  until  it^ 
*"«n>eil  most  unsightly  proportions.  She  had  been  untiring  in  her  search  for  relief, 
^tfiiwlly  l»ccame  deprived  of  hope  of  any  amelioration  uf  her  symptoms,  when  the 
*<i>f  decincily  was  suggested.  We  made  an  extremely  mild  application  of  a  faradic 
**fcnt,  and  succeede<l  to  a  considerable  extent  in  dissipating  the  paroxysm  from 
"ich  Jie  was  then  suffering. 

the  two  days  that  intervened  before  the  second  vi^it,  she  suffered,  but  not 
ly  as  before.     When  she  presented  herself  for  the  third  applicatinn,  she  had 
account  to  give.      For  three  nights  she  had  experienced  absoluicly  no 
:h  the  strabismus  and  the  projection  of  the  eyeballs  were  nialt-rially  Ics- 
Sk   contmued   to  progress   towards   reeovery  fiiiring   the   succeeding  few 
.until  her  neuralgia  was  entirely  overcome,  with  the  exception  of  a  slight  un- 
promincnce  of  the  eyeballs.     The  eyes  were  restored  to  their  Kuruiol  appear- 
post  ion. 
3' 
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Cas»  UL— An  »ged  lady,  between  70  ad  80 
octaiaon.  by  direct  ion  of  Dr.  D.  fi^  St.  Jala 
■foniiine  distress  in  the  head. 

Tlie  fmins  were  evklently  neuralgic  m  chraSa 
•11  directio^^  from  the  forehead  to  the  WK^ll,  ) 
beKiiul   and   above  the  cars.     The  cydiAs  were  I 
semiinij  const >ricte«l  and  heavy  ;  «nd 
ordinary  intenUly.  the  :^u;ht  wonM  be  maA 

of  the  attack  ha<l  Ahate<l,  she  would  be  maaoftA  hf  a  pfriirtrat  ilfn'm  w.  •»  Xltt 
could  with  diiHiculty  stand  erect.  PrcvioA  to  tkis  ttXack  i0  the  head,  ^ 
suffered  from  dtnitar  pains  that  extended  up  tW  am  lo  ihr  brosl. 

A  gentle  application  of  the  faradic  current   to  i3k  hod,  4at^  a  fooft 
paroxysm,  greatly  relieved  her. 

Not  only  was  the  pain  entirely  disdpatcd,  «od  the  eoBttrietka  aad  hetiiaai' 
the  eyes  retttoveii,  but  for  many  hours  after  she  was  cacirel<r  Itoe  ftooi  vtrtiflk 

The  applications  were  continued  at   interrals  of  several  dafs  ^  *  "^ 
timers  ^Q^t  accomptislied  on  approKimale  cure.     QccasMaOjr  d)e s«flen  fima a 
of  the  parov\-sms;  but  they  are  of  a  much  les  sevei«  ckafMlcr  iku  fomi^ 
arc  at  once  Uissipated  by  the  current. 

Fmciai  Mtmra/jpa  «f  sewral years'  stamting  suaea/uify  trmUdty  htmhudjm 

Cask  UM.— Mrs.  S.,  a  patient  of  Dr.  J,  O.  Farringtoo,  aged  65,  had  for  as 
of  years  lieen  a  great  suflerer  from  a  most  acute  form  of  oearalgia  of  the  facei  I 
associated  with  veitigo  and  nausea.     The  point  from  which  the  pains  rvJiaicd  1 
darted  in  all  ditections  to  the  temple,  the  ear,  and  eren  down  to  the  oedii 
atuated  close  up  to  the  right  ala  of  the  nose. 

The  patient  would  occasionally  remain  a  number  of  week*  comparativelj  « 
able,  but  a-*  a  rule  not  more  tlian  a  few  days  jnlervcned  l>etween  thealtackk. 

A  miUi  faradic  current  was  applied  through  the  hngers  of  the  o(^erator  <lvHa(  i 
season  of  great  distrca.     This  not  only  alleviated  the  pain  for  the  time  ben^k 
during  the  two  -succeeding  days  after  which  she  presented  herself  agMO  fur  I 
The  relief  continued  complete. 

At  intervals  the  patient  was  treated  in  this  way  for  about  two  mottthft.    She  \ 
in  thb  time  but  one  or  two  attacks  slighter  thau  usual.     She  discontiooed  tn 
and  during  the  following  summer  was  entirely  free  from  them.     In  the  fall  she  t 
to  sufft-r  ayam,  and  submitted  some  half  a  dozen  times  to  the  old   method  of  1 
ment,  and  to  the  date  of  writing,  sIk  months  subsequently,  she  has  remaiacii  I 
from  the  attacks. 

It  is  worthy  of  remark  that  in  this  case  the  galvanic  currentt  I 
mildly  applied,  seemed  only  to  aggravate  the  paroxysms,  . 

Peripheral  iVW/rix/^/a. —Neuritis,  neuroma,  the  continued  actiooflj 
cold  or  wind,  wounds,  or  other  injuries  of  the  nerve — all  these  mayf  " 
rise  to  the  peripheral  form  of  neuralgia.     Neuritis,  or  rather  infl 
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file  neurilemma,  must  be  regarded  as  one  of  the  most  frequent  causes 
{peripheral  neuralgia,  and  this  inflammatory  condition  may  depend 
^n  some  form  of  mechanical  irritation,  as  long-continued  pressure  of 
'  child's  head  in  labor  on  the  sciatic  plexus,  or  by  the  concentrated  poi- 
ut,  rheumatism,  malaria,  or  syphilis,  acting  locally.  It  may,  of 
^,be  conceded  to  the  advocates  of  the  inirely  central  theory  of  neu- 
Igia  that  there  may  be  a  constitutional  predisposition  to  neuralgia,  but, 
1  the  other  hand,  it  must  also  be  conceded  that,  in  many  cases  at  least» 
Bme  exciting  cause,  acting  on  the  periphery,  is  neccssarj-  to  develop  it. 
TrecUment. — The  treatment  of  peripheral  neuralgia  should  obviously 
le  of  a  peripheral  character;  stable  faradisation  and  galvanization,  and 
kctric  moxa.  In  doubtful  cases,  that  refuse  to  yield  to  this  method 
tf  treatment,  it  is  well  also  to  try  central  and  general  electriza.tion. 

Iy^^achial  neuralgia  0/  Uft  sidi,  ef  six  monthi  standing,  in  a  man  other- 
\in  good  health — Rrcovery  under  totalized  faradimtion  mtd  galvanisation. 
k  LIV. — Mr.  Q.,  a  stout,  vigorous  genlleman,  of  middle  life,  was  sent  to  us  by 
ltd  Linslcy,  April  t,  1S69,  The  patient  complatned  of  cervico-brachial  ncu- 
h  the  left  side.  The  pain  extended  from  the  occiput  down  the  arm,  and  win 
SMMt  scrae  at  nisjht :  tender  point  on  the  occiput.  We  judged  that  the  neuralgia 
»*  of  a  peripheral  character,  and  of  a  rheumatic  origin. 

Three  mild  applications  of  faradization  gave  sensible  relief.  Twice  galvanivition 
•»!  tried,  the  negative  pole  being  placed  on  the  occiput,  over  the  tender  spot,  and 
ttepositiire  on  the  shoulder,  or  on  the  side  of  the  seventh  cervical  vertebra.  After 
tltesiiih  application  the  patient  announced  that  he  was  eulitely  vvell,  and  discon- 
lioBcJ  treatment.  Although  both  faradization  and  galvanization  were  manifciitly  of 
•enrice  tn  this  case,  yet  the  former  accomplished  the  chief  part  of  the  task  before  the 
iititer  was  brought  into  requisition. 

Gastralgia. — Gastralgia  may  perhaps  be  included  under  peripheral 
neuralgia,  although  there  is  room  for  much  discussion  on  this  point 
results  in  gastralgia  have  thus  far  ban  more  satisfactory  than  in 
neuralgia, 
Thf  following  case  illustrates  how  utterly  futile  internal  medicatior 
certain  neuralgias,  and  what  a  vast  difference  there  is  between  the 
lial  power  of  the  faradic  and  galvanic  currents. 

^^oj  tevere  ease  of  chronic  gastralgia  of  a  periodic  nature— four  year^  standing — 
relieved  by  gakmnization,  after  failure  of  faradization. 

LV. — Mr.  B.,  a  gentleman  from  Charleston,  S.  C,  cortsulted  us  in  Janu- 
^1 1867.  The  history  of  his  case  is  substantially  as  follows  :  In  the  latter  part  of  1 SI61 
*  WM  Uken  with  a  severe  attack  of  neuralgia  in  the  back  of  the  head  and  neck. 
'  attacks  recurred,  in  paroxysms,  every  few  weeks  for  about  two  years.     In 

if,  1863,  while  suifcring  from  severe  pain,  colchicura  was  prescribed,  to  be 
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takco  rmy  t««  hemn.    Koe  mdcntaading  tlie  oatttre  of  the  tlrag,  Lc  iMk ii^ 
htU  hear  far  ftic  boan.     This  toipradflDt  dtKtng  wa5  followc^i  by  perastcnt  t 
•■d  RtdiM^  «ydlla««i  ibr  devcn  davs  and  nii^his,  prcxlocttig  exrcwtvf 
Mid,  in  the  cwl,  total  anoaasdoasaess. 

Ac«tc  gawilw  mptrvtatd,  from  which  he  recovered  vrhh  difficahr.  fco)  ( 
saffirr  from  ttaxaigk  pains  ia  the  stomach,  simDor  in  character  and  sevETTtf  t 
dUtress  vfcidb  he  had  prevkMuly  experienced  in  the  head.     Tlie^  ( 
finally  snhdaed  bjr  qoinine  and  ofNom,  and  for  three  months  he  wa&  < 
well.     In  Apnlf  1864,  the  acaralgia  in  the  bead  returned,  for  which  br  ( 
dose  of  roorplua.     Exoessve  vontiting  was  again  induced,  followed  bjr  j 

From  that  lime  onrQ  we  aw  him,  January,  1S6S,  fvf/y  tr'gAf  Aat/  hrm  ^ 
tntoleralfU  agffnir.  For  the  first  few  hours  after  retiring  he  wrmld  Weep  »itll 
dc^ee  of  comfort  ;  bm  about  2  to  2|.  A.M.,  the  invariable  |x[rox)r«8  woddi 
him,  and  banish  for  the  nijjht  ail  slec|.».  It  was  his  custom  lo  take  b 
drops  of  the  tincture  of  opium,  which,  for  the  lime  licing,  only  : 
tress.  By  its  influence,  however,  the  p.Tin  a!>alct1  in  about  six  hour%  anil 
lervening  time  l>e  experienced  only  a  dull  aching  in  the  epigastric  rqfinn.  TTae^ 
again  be  bad  endeavored,  by  the  advice  of  phyakiatu,  lo  gnMlually  d«CTe*etkl 
of  laudanum  ;  but  all  lo  no  purpose. 

It  is  a  most  >ingular  and  unaccountable  fiwrt,  that  xtctv.  gtt.  of  the  fuutrtif  I 
no  effect  whatever,  while  al.  gtt.  would  act  as  above  stated.     Withcwt  the  1 
the  p,iin  was  constant ;  l»ut  he  had  on  several  different  cxcisians  endovgnd  l»li 
off  from  the  u<<  of  it  altogether. 

During  one  trial  he  abstained  from  the  opium  for  nearly  a  week;  b«»  tiei 
became  so  intense,  and  hi*  strength  so  nearly  exhausted,  that,  notvitb 
resolute  will,  human  endurance  reached  its  utmost  limit,  and  he  \ 
resume  its  use.     Constant  suffering  liad  left  its  impress  on  his  pale  and  mut^  y 
lures. 

Ho  had  a  wild  and  vacant  look,  and  hi?  gait  was  weak  and  tottering.  Iftelh*^ 
an  old  man  on  the  verge  of  the  grave.     For  a  year  pa>rt  he  had  been  ««:^ii»cr 
the  h!\»ds  of  some  of  our   most   distinguished   men,  and  wl»m  we  a»X«d  hi"* 
remedies  he  had   been  taking,  he  answered  that  it  would  be  difhcult  to  «ay  »fcit| 
had  not  taken.     While  he  wtus  in  Canada  his  physician  had  made  use  of  jen<«»l  1 
dilation,  but  with  no  appreciable  result. 

When  he  came  unflcr  our  care  we  made  use  of  general  faradbation,  bolil  i 
paroxysm  and  when  he  was  free  from  pain;  but  the  faraJic  cnnent  MtiDadM| 
wholly  itK>|H.Tntive. 

Wc  then  made  use  of  a  strong  galvanic  current,  placing  ibe  posiive  pcl««l 
back  uf  the  neck,  just  ab«jve  the  seventh  cervical  vertebra,  and  applying  the  1 
over  the  region  nf  the  stomach,  in  or\lcr  to  affect  the  solar  plc^u*  and  piwiJaojJ* 
Tlic  application  seemed  to  refresh  him,  and  rclieve«l  in  a  marked  degrrt  the* 
dull  aching  which  was  always  present  in  the  inlervat  between  the  paroity^i*.  ij 
incrrawl  his  ajjjKiite  that  in  a  few  hours  he  ate  a  heoriy  meal,  »omethi«g  *^\ 
had  not  done  l>cf<»re  in  two  years. 

At  the  usual  hour  on  the  following  night  the  paroxysm  Rtanrad.  bat  ««■ 
ringulariy  located  between  the  shoultlers,  while  the  rtomach  was  almost  artbe^f^ 
from  |«in.  After  the  second  application  the  pain  resumed  iu  *at  hlbe • 
but  mis  not  of  such  a  severe  cliaracler  as  formerly.     Believing  chat  tbs  \imk\ 
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pertics  of  the  electricity  would  enable  him  to  do  without  the  opium  more  readily  than 
on  previous  occasions,  we  advise*!  that  it  be  discontinued.  It  was  a  most  difficult 
undertaking;  but,  for  three  weeks,  unti'  he  was  imperatively  call»?d  South,  not  a 
parlirlc  pas«d  his  Hps.  He  received  in  all  but  six  applications  of  the  galvanic  cor- 
renl,  and  although  the  cure  was  by  no  means  complete,  yet  the  relief  be  experienced 
was  posiave  and  most  gratifying. 

His  jppciiie  remained  permanently  better,  and  digestion  was  performed  with  more 
comfort  and  rapidity.  The  regularity  of  the  paroxysms  was  broken,  and  their 
severity  amehorated. 

The  wild,  wandering  look  of  distrcw,  which  was  ever  stamped  upon  his  features, 
gave  place  to  a  calmer  and  more  hopeful  expression.  Unfortunately,  circumstancci 
rendereil  it  impossible  for  him  to  remain  longer  at  the  North ;  but  sufBcicnl  benefit 
had  been  derived,  during  the  brief  time  that  he  was  under  our  care,  to  render  it 
probable  that  still  further  amelioration  of  his  remarkable  symptoms  would  have  been 
obtained  by  a  p>ersisteut  use  of  the  galvanic  stream.  We  were  the  more  hopeful, 
from  the  fact  that  on  a  previous  occasion  we  had  treated  succewfully,  by  general 
clectrbcation  with  the  faradic  current,  a  lady  suffering  from  this  form  of  neuralgi*, 
but  of  a  less  aggravated  character. 

So  far  as  regards  the  treatment  of  this  case,  the  point  of  particular 
interest  lies  in  die  fact  that  the  galvanic  current  was  of  valwe,  while  the 
faradic  was  wholly  inoperative.  By  the  use  of  the  galvanic  current  the 
pain  was  immediately  relieved,  the  digestion  was  strengtliened,  and  the 
appetite  sharpened. 


Abdominal  neuralgia  of  an  agonizing  character,  associated  with  muscular  spasms 
— Decided  temporary  relief  from  local  galvanization — Subsequent  imprar-emeni 
which  possibly  might  in  some  measure  have  been  due  to  the  secondary  effects  of 
treatsnent. 

Case  LVI. — Mrs.  H.,  who  suffered  from  most  agonizing  abdominal  neuralgia,  was 
referred  to  us  in  April,  1871.     The  complications  in  this  case  were  peculiar. 

Tlw  paroxysms  of  pain  were  associated  with  s|oasmodic  contractions  of  the  abdomi- 
oaJ  mufcles  of  such  severity  as  to  necessitate  the  constant  u<>e  of  subcutaneous  injec- 
tions of  morphia. 

Ten  years  ago  the  patient  miscarried,  and  for  two  years  thereafler  she  was  annoyed 
occasionally  by  slight  neuralgic  pains.  Menorrhagia  now  supervencJ,  and  after  ex- 
isting two  years  it  was  apparently  cured,  and  for  eighteen  months  she  enjoyed  fair 
health.  During  the  last  two  years  menslniation  had  recurred  but  two  or  three  limes, 
and  her  sufferings  were  terrible.  She  was  taking,  by  subcutaneous  injection,  eight 
grains  of  morphine  daily,  and  >o  persistently  luid  it  been  nlmiiiistered  that  hardly  a 
point  on  her  l>ody  or  limbs  could  be  found  that  was  not  of  that  peculiar  hard  char- 
acter, the  rcsvdt  of  the  repeated  operations.  There  was  uterine  displacement  associ- 
ated with  local  complications  of  the  character  of  which  we  are  not  informed.  Our 
treaUnent,  begun  Feb.  25,  1871,  was  external  and  local,  with  an  occasional  general 
application  of  the  faradic  current.  Electrization,  on  the  whole,  did  not  accomplish 
do'ided  permanent  good,  without  the  results  observed  after  the  cessation  of  our  treat* 
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mcnt  were  in  a  measure  secondary  to  the  electric  stunu1a&.     The  patient  a 
gained  immensely  during  the  Tol lowing  year.     Temporarily  local  ga.lranizai'ioa 
tnnch  service.     It  frequently  induced  sleep,  reduced  the  intensity  of  the  puoiji 
pains,  and  often  rendered  her  more  comfortable  during  the  intervening  periods. 

Snuene  gastralgia  of  fourteen  yearf  standing — Periodical  attach  lit  fi^ 
Rafid  and  permanent  cure  under  certtral  gah/anitation  after  faUure  of /i 
duaeion. 

Case  LVII. — Dr.  S.  J.  H,  a  physician  a^  about  36  years,  comolted  vh 
n*tf"'— '  of  t$7a  For  fourteen  years  he  had  5uirerL*d  from  attacks  of  gastralga 
■Mtf  violent  character;  these  attacks  came  on  u>uaily  at  nijjht,  while  ifibei,) 
■idaig^t,  before  or  about  two  o'clock ;  the  attacks  would  last  sotnetimcs  at 
hoarsv  and  tbe  pain  was  of  the  most  di&tre^ing  character.  Of  the  various  md 
«f  relief  that  be  had  used,  alcoholic  liquors  seemed  to  be  the  most  cfficacioes  (Ml 
TCsplte  tHey  caused  was  only  temporary.  The  appearance  of  the  patient  lOfft 
vabaaK  health  ;  nutrition  was  well  maintained,  and  the  functions  were  geoenllj 

EsHunatioa  gave  littte  information.  Disease  of  the  heart  had  been  saspectd, 
ifct  CBreial  and  repeated  examinations  of  Dr.  Thayer  established  the  fact  tJut 
«■•  no  disease  of  that  orgnn.  Teiiderncss  of  the  epigastrium  in  one  spot  loiKtifl 
kvtoot  always  existetl.  We  saggcstcd  central  galvanization.  The  patient  had 
vtOBsty  tried  faradization  without  any  benefit.  We  had  little  hopes  of  hcl|iio{ 
fiatient;  the  persistency  and  fixity  of  the  syraptonts  unci  their  |>eriotlkiiy  gi« 
mlavorable  prognosis,  and  only  by  our  urgent  solicitations  did  the  doctor  alio*  I 
experiment  on  hiiu. 

Treatment  by  central  galvaniMtion  was  commenced  January  3,  iS7i,and  wa\ 
up  for  two  months,  two  or  three  times  weekly.  In  \cf&  than  two  w.-cks  beatSt 
apparent ;  the  periodicity  and  violence  of  the  attacks  were  somewhat 
in  a  month  it  was  evident  that  the  disease  would  yield  more  or  le«is 
treatment.  Occasional  relapses  occurred,  as  always  in  similar  cases,  reniiade? 
former  ^ufTcring^,  showing  that  the  evil  spirit  was  not  wholly  cast  out ;  but  la  itl 
months  from  the  time  the  treatment  was  comineiiced,  the  patient  rc^jarded  himdf 
weU. 

Three  years  have  elapsed,  and  the  patient  is  still  well,  althotijh 
gaged  in  laborious  duties.     The  features  of  chief  Interest  in  lh<ci 
were  tlicse  : 

1.  The  superiority  of  central  galvanization  over  faradization. 

a.  The  permanency  of  the  cure  of  such  a  longstanding  affection. 

Sciatica. — In  the  treatment  of  sciatica  by  electrization  very  B«l 
depends  upon  the  care  with  which  the  current  is  applied.  An  ill' 
rcctcd.  too  prolonged  application,  or  the  use  of  a  current  tbe  mccla^ 
cat  effects  of  which  are  unduly  marked,  frequently  results  in  marc  W 
iban  good  In  sciatica,  the  pain,  as  a  rule,  closely  follows  tiie<^ 
oi  the  tktrvtf  and,  therefore,  in  the  majority  of  instances  the  diseii^ 
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typical  of  true  neuralgia.  The  effects  of  faradisation  in  these  cases  are 
undoubted,  and  in  our  hands  have  sometimes  proved  far  more  effi- 
cacious than  galvani/ation. 

It  cannot  be  too  frequently  repeated,  that  in  sciatica  the  faradic  cur- 
rent is  capable  of  doing  infinite  harm  if  ignorantly  used  or  over-used, 
but  that  if  applied  with  that  caution  and  skill  which  experience  alone 
can  give  it  generally  relieves. 

It  is  in  just  such  conditions  as  these  that  the  character  of  the  current 
for  fineness  and  evenness  is  all-iniporiant,  and  these  factors  are  found 
combined  in  a  higher  degree  in  Ridder's  separate -coil  machine  than  in 
any  other.  On  account  of  the  great  caution  that  must  be  exercised  in 
the  treatment  of  sciatica  by  faradization  it  is  probable  that  beginners  may 
here  achieve  greater  success  through  the  use  of  mild  galvanic  currents. 
The  muscular  atrophy  that  sometimes  follows  sciatica  may  be  treated 
by  localized  faradization.  Whichever  current  is  used  the  application 
should  be  made  both  over  the  lower  part  of  the  spine,  to  act  upon  the 
roots  of  the  nerves,  as  well  as  over  the  course  of  the  nerve  in  the  leg. 

Galvano-Puruture . — We  have  recently  attempted  the  treatment  of 
sciatica  by  electro-puncture. 

The  needle  may  be  insulated  or  not ;  should  be  bayonet-shaped,  so 
as  to  go  in  easily,  and  may  be  inserted  far  enough  to  touch  or  penetrate 
the  nerve.  The  moment  when  it  so  penetrates  or  even  touches  will  be 
revealed  to  the  patient  by  a  tingling  or  pricking  sensation  through  the 

leg. 

The  needle  thus  introduced  should  be  connected  with  the  negative 
pole ;  but  two  to  four  cells  should  be  used,  and  the  current  should 
be  continued  but  a  few  minutes. 

Severe  and  obtttnale  sciatica  excited  by  obstruction  of  the  bowels — Relief  and  slaw 
improvement  under  lixalized  gulvaniiation  with  moistened  singes,  with  the 
metallic  irusA,  and  galvano-fvnctiire. 

Cask  LVIII. — Mr  K.,  ageti  39  years,  was  referred  to  us,  March  3,  1873,  by  Dr. 

Conkling.    The  patient  had  been  occupied  by  vaiious  and  complex  oifairs,  and  h.id  been 

for  years  bearing  the  burdens  of  ten  men.     His  vacations  had  been  few  and  his  hours 

.'Of  lalx)r  many,  and  he  had  fallen  into  a  condition  of  profound  neura<>thenia.      He  had 

ffered  from  gastralgia  of  a  most  violent  character,  for  which  opiates  had  been  quite 
freely  g^ivcn  ;  ani  constipation  and  hardened  fjeces  had  resulted  that  had  caused  obstruc- 
tion of  the  boweli,  which  was  relieved  only  with  ililTiculty  and  by  mecliaiiical  means. 

The  i>ctalica  of  one  side,  from  which  the  patient  was  sufTc-ring  when  we  were  called 
in,  seemed  to  be  of  a  reflex  cliaiacier  from  the  consti|)aiion.  The  pain  was  fearful, 
and  there  was,  of  counc,  lameness  and  atrophy  of  the  muscles  of  the  leg.  At  times 
excessive  hypersesthesia  ap}>eared  over  the  thigh,  especially  io  the  region  of  the  sciatic 
nerve,  and  there  was  great  tenderness. 
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We  tried  various  methods  of  electrization ;  gcDcral  faradizAtioiw  (or  tic  }illil| 
was   much  debilitated ;   localized  faradiration  with  sponges  and  with  tht  i 
brush  ;  central  galvanization,  localized  galvanizalion,  and  gaJvano-puncloie. 

Localized  galvanization  with  currents  of  m«liuiD  strength,  and  continued  fori 
or  so  just  as  the  patient  had  retired  for  the  night,  seemed  to  be  more  i 
any  other  method  or  manner  of  treatment.  Almost  always  it  soothed  tbcf 
laxed  the  stifT  and  aching  muscles,  and  this  relief  would  Ust  for  hours  | 
a  good  night's  sleep.  The  procce^ling  wa5  to  place  one  pole  on  the  »pine,  and  to  pa  I 
the  other,  without  regard  to  the  direction  of  the  current,  up  aind  down  over  ibtr^pMI 
of  the  sciatic  nerve, 

A  few  times  we  tried  galvano-puncture  with  insulated  and  non-tnsniaied  i 
The  needles  were  thrust  in  quickly  and   firmly  until  tbcy  came  near  liie  i 
sometimes  they  touched  it,  a<i  was  evidciicctl  by  the  lingiing  and  pricking  i 
excited   that  were  felt   doM-n  the  leg.     The   punctures  were  made  on  variwttf( 
down  tlie  back  pari  of  the  thigh.     No  anasthetic  was  used,  but  onoe  or  twice  1 
anaesthesia  by  means  of  carbolic  acid  and  ether. 

We  were  persuaded  that  this  treatment  by  puncture  did  good  ;  that  itgtvttill 
patient  a  start,  and  enabled  the  external  galvanization  to  do  its  work  at  belter  adtfl 
tage.  The  patient,  though  a  man  of  strong  will  and  decisdun,  terribly  dreadd  ita  j 
thought  of  the  nce<iles,  and  we  were  obliged  to  abandon  their  use.  Tlic  oeedlcs  *«  j 
always  connected  with  the  n^ative  pole,  the  positive  being  applied  extemiiljr  If  *  J 
sponge  or  doth  cover. 


This  case  was  treated  off  and  on  for  four  months,  and  with  slow  jad] 
not  ver)^  steady  improvement     It  was  a  long  time   before  the  panciit 
could  ride  or  sit  long  without  causing  pain.     In  a  few  weeks  he  coO'  ] 
plctely  recovered. 

Striatica  from  strain,  of  sn>fral  nu>Hth/  duration — Immediate  itttfravemettt  wif 
general  Jaradiiatton  and  localtud  gah>antiation — Sut^segiunt  rtiapse  dmijud 
rtcffvery. 

Cask  LVLX,— Mr.  W.,  aged  about  40,  was  referred  to  us  by  Dr.  C  E.  Bodwr 
ham,  of  Boston, 

The  patient  lud  been  sufiering  for  several  months  from  severe  pains  along  the co«r« 
of  the  sctalic  nerve.  He  had  not  been  especially  exposed  to  cold,  and  at  iberp^ 
loms  came  on  suddenly,  he  could  only  attribute  the  disease  to  llie  unuMttl  eMrt«« 
of  lifting  a  heavy  trunk  a  sliort  time  previously. 

The  limb  had  atrophied  somewhat,  and  the  general  health  of  the  patient  wstn 
what  iiupaireil.     Ue  was  submitted   to  general  faradization  and   to  galvaainliai  ^ 
the  afTecled  limb.      A   dozen    applic.itions  resulted  in  very  great  alio ulUm  of  U*  I 
severe  pain  which  liad  for  »o  long  a  time  distrcsscil  him,  and  we  felt  hopeful  oC««p*^  | 
recovery.      Unfortunately  the  patient  exercised  too  freely  in  walkint;  one  "ItT,  aJi* 
addition  probably  tt»(>k  siome  cold-     At  all  events  the  neuralgia  reti  ''•*• 

and  so  discouraged  the  patient  that  he  almost  immediately  sailed   1  *"*• 

after  a  number  of  months  he  recovered. 

The  value  of  the  firadic  current  is  illustrated  in  the  following  ca*«* 
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Sdaiica  «/ several  mont/u'  duration  sitccessfulfy  treated  by  faradisation. 

Case  LX. — An  old  gentleman,  aged  76,  was  sent  to  us  by  Dr.  F.  Elliot  to  lie 
treated  for  a  condition  of  general  paresis  aivjciated  witli  which  was  a  severe  neuralgia 
of  the  sciatic  nerve  in  lioth  limbs  which  had  distressed  him  fur  a  number  of  months 

There  was  a  lack  of  co-ordinating  power  in  locomotion,  together  with  decided  anxs> 
thesia  of  lx)th  upjwr  and  lower  extremities.  The  left  foot  and  ankle  were  enor- 
inoualy  swollen,  and  in  this  limb  the  pain  was  far  more  5«vere  than  in  the  other. 

I     The  patient  was  treated  by  general  and  local  faradization ;  and  in  the  course  of 
seven  applications  the  swelling  nearly  subsided,  and  the  neuralgia  was  quite  subdued. 
The  patient  subiiequently  died  from  cerebral  effusion. 
SHa. 
i: 


Sciali<a  fotlsrwing; pesiitre  of  the  chiUfs  head  at  parturition — Locahted gatvanita* 
tion  is  folhwtd  by  alleviation  of  pain  and  recovery. 


Case  LXI. — Mrs.  ,  ag^  alfout  40,  was  confined  in  March,  1873,  '"'^  after 

it  suffering,  and  by  the  use  of  the  forceps,  she  was  delivered  of  a  still-born  child, 
ough  the  pressure  of  the  child's  head  the  nerves  had  sustatnnd  serious  shock,  and 
for  many  days  before  aeeing  her  she  had  endured  the  most  severe  neuralgic  pains  in  the 
left  limb, 

Nothing  jseemed  to  give  more  than  temporary  relief,  and  at  the  time  that  we  were 
sent  for  by  her  physician,  Dr,  Oliver  White,  the  onset  of  hysterical  symptoms  ren- 
dered the  patient  a  most  pitiable  object  It  was  with  difficulty  that  Uve  cnuld  be  in- 
duced to  submit  to  treatment,  but  finally  a  mild  application  of  localized  galvanizatioa 
was  administered,  and  seemed  to  be  soothing  in  its  effects*  The  tnlal  number  of  ap- 
plications given  was  eight,  and,  with  the  exception  of  one  stance  which  was  followed 
by  increased  pain,  every  treatment  rcsultc<l  in  an  alleviation  of  suffering,  and  finally 
recovery  was  complete. 

The  pain  had  not  entirely  left  her  when  the  galvunization  was  discontinued,  but 
g;rew  les  and  less  every  day  for  a  week  or  so  until  her  limb  was  in  good  condition. 

Sciatica — Relief  follows  seven  applications  of  faradisation. 

Case  LXII. — Mr.  F.,  a  pjalient  of  Dr.  Downs  applied  to  us  by  the  advice  of  the  Dr. 
for  the  relief  of  severe  pains  along  the  whole  length  of  the  sciatic  nerve.  The  suffer- 
ing was  most  acute  in  the  hip.  lilniters  and  otlicr  forms  of  eounter-iixitatiun  had 
been  tried,  but  with  no  effect.  Faradisation  of  the  affected  limb,  repeated  on  seven 
different  occasions,  approximately  relieved  him. 

Rffltx  A^euratgia.  —The  term  reflex,  as  applied  to  paralysis,  is  at  once 
common  and  suggestive.     In  the  same  way  it  is  applicable  to  neuralgia. 

As  in  children  paralysis  frequently  follows  the  irritation  of  leelhing 
or  dysentery,  and  in  older  persons  that  of  urinary  disease,  so  neuralgia 
of  distant  p.irts  may  result  from  uterine  and  other  disorders.  Neural- 
gia of  the  fifth  pair,  caused  by  a  carious  or  false  tooth,  is  a  common  and 
well-known  reflex  result  of  mechanical  irritation.  The  treatment  of 
reflex  neuralgia  is  by  no  means  so  emiiirical  as  that  of  the  peripheral 
variety.  If  a  carious  tooth  is  at  the  root  of  the  evil  it  must  be  removed. 
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If  the  cause  can  be  traced  to  uterine  disease,  the  skill  of  the  gyn» 
cologist  is  called  for.  Occasionally  electrization,  through  its  powet  of 
subduing  local  irritation  or  inflammation,  effectually  relieves  theretnou 
neuralgic  pain,  of  which  the  irritation  or  inflammation  is  the  cause. 

Neuralgia  of  left  leg,  apparently  proceeding  from  ovary^—Rfcavfrj. 
Case  LXIII, — In  thccaseofayoutiy  la'^ly  whohadsuflTervd  for  scTeraSntontbtfiMl 
the  most  severe  neuralgic  pains  down  the  left  leg.  tactile  examination  r«vcsled  iwy 
marked  lenclerne»  to  pressure  in  the  left  ovurian  region.  No  other  potikta  «i  lie 
body  was  especially  susccptiltle  to  the  touch,  ll  is  proper  to  slate  thai  llic  pttkM 
was  not  at  all  l)y<»terical,  that  exercise  oggravatetl  the  pain»  and  ttvit  the  neanl)p&  «f 
(he  linib  was  t»  proportion  to  the  tenderness  over  the  ovary.  She  -was  immftofff 
relieved  hy  localized  faradization,  and  completely  recovered  io  the  i:oiu^eol  lis 
after  having  received  twelve  applications. 

Neuralgia  in  the  trvarian  region,  over  the  abdomen^  and  extfnding  djxt>m  the 
of  in>eral ye»ri  duratton — Complete  reltef  uoder  gemrai farttdttMtin. 

Case  LXIV, — Miss  L.,  about  23  years  of  age,  and  a  patient  of  Dr,  FfcdcmOli 
l^ente,  had  for  several  years  suffered  much  distress  from  a  ncaraJj^c  afTectioa  of  tAc  d^ 
domen  and  lower  extremities.  The  pain  was  especially  severe  %ntS  constant  in  (he  "t** 
of  either  ovary.  According  to  the  Dr.,  uterine  difljculty  evidently  exi«4ed  ;  buifnlocil 
treatment  was  out  of  the  question,  and  as  the  ordinary  external  anJ  tnterofll  n 
had  been  used  without  much  l)encfit,  we  were  rcqueaicU  by  Dr.  Lente  lo  l««t, 
case,  the  effects  of  electrization.     Simple  general  faradiitation  proved  most 

Some  do«en  applications  sufficed  to  dissipate  completely   the  paiits  Crom  1»)ikfc 
suffered  and  to  markedly  improve  her  general  condition. 

A  year  subsequently  the  above  patient  was  annoyed  again  by  dtf 
same  symiitoms,  but  a  short  course  of  the  same  method  of  Ixextme&t 
rehevcd  her  a  second  time. 

Galvanic  belts  and  disks  for  the  treatment  of  neuralgia  have  bes 
reconiniended  by  Hiffelsheim.  He  applies  the  belts — either  PttlvcT' 
macher's  or  Davies' — moistened  with  vinegar,  lo  tlie  painful  locality, 
and  allows  them  to  reiiiain  there  for  days,  weeks,  and  even  fp<wnK 
Although  Hiffelsheim  reports  some  good  results  from  these  .  '  >a^ 
yet  it  tJiust  be  admitted  that  there  is  as  yet  uo  sufficients  .  -^ 

dence  that  they  have  succeeded  where  galvanization  or  (aradttatiao 
has  failed,  or  that  they  have  any  positive  advantage  whatever,  exc<|i^ 
perhaps,  for  those  who  are  so  situated  that  they  cannot  receive  ocdiairr 
treatment.* 

*  The  therapeutic  results  obtained  by  wearing  galvanic  chain,,   i»cits  <ii"ikt  midL 
girdles,  etc.,  must   depend  on  the  manner  of  their  construction    ami  applieaci^ 
Many  of  those  winch  are  sold  in  the  stores  and  extensively  and  indi^n; 
by  the  laity,  are  so  arranged  that  the  feeble  currents  which  they  may  ^. 
make  a  circuit  through  the  body,  and  recombine  in  the  melols  themselves. 
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The  objecHons  to  and  disadvantages  of  this  method  of  treatment  in 
neuralgia,  as  in  all  other  affections  for  which  it  has  been  so  widely 
employed,  are  these  : — 

1.  The  current  which  they  generate  is  very  feeble  and  inconstant, 
and  probably  does  not,  except  under  peculiarly  favorable  circunistances, 
penetrate  far  beneath  the  epidermis. 

2.  They  can  only  be  used  locally,  Many  of  the  symptoms  for 
which  they  are  used  are  of  a  constitutional  character,  and  can  only  be 
permanently  dispelled  by  measures  calculated  to  affect  the  whole  sys- 
tem. 

3.  They  are  usually,  and  sometimes  necessarily,  applied  to  the 
scat  of  the  pain  rather  than  to  the  seat  of  the  disease.  In  galvanization 
and  faradization  for  local  neuralgia,  it  is  found  tliat  the  best  results  are 
obtained  by  treating  the  seat  of  the  disease. 

4.  They  sometimes  cause  ulcers  that  leave  permanent  cicatrices. 
The  benefit  that  is  derived  from  them  is  probably  due  in  part  to  their 

influence  on  the  imagination. 

These  argimients  against  the  use  of  galvanic  belts  would  be  valueless, 
if  experience  coiild  demonstrate  from  their  use  any  great  utility  or  any 
very  positive  advantage. 

It  is  not  impossible  that,  in  future  inijirovements  in  the  construction 
of  these  belts  and  chains,  and  more  scientific  experiments  in  their  use, 
we  may  develop  advantages  from  them  which  ihey  have  thus  far  failed 
to  exhibit,  and  may  accord  to  them  a  position  in  electro-therapeutics 
to  which,  from  the  results  of  the  past,  they  are  not  entitled. 

The  fact  that  they  have  thus  far  been  used  almost  exclusively  by  the 
laity,  and  have  been  made  the  theme  of  noisy  advertisements,  so  far  from 
discouraging,  should  rather  stimulate  men  of  science  who  have  any  faith 
in  their  efficacy  to  rigidly  investigate  and  ijilerpret  their  claims  to  a 
position  among  the  appliances  of  electro-therapeutics. 

Those,  however,  who  experiment  with  these  contrivances,  should 
remember  that  the  mechanically  irritating  effects  of  metallic  bands 
applied  to  the  tender  skin  arc  not  inconsiderable,  antl  diat  the  thera- 
peutic results  which  appear  to  follow  their  application  may  not  unlikely 
be  due  wholly,  or  in  part,  lo  counter-irritation. 

{^For  further  remarks  on  this  subject ^  see  Myalgia.) 
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Anesthesia  is  'lerived  from  a,  privative,  and  aM<iv<ifuut  toj 
and  therefore  literally  signifies  a  deprivation  of  sensallon.  Il  ist  wonvj 
torn  of  some  organic  or  functional  disease  of  the  central  or  | 
nervous  system.  The  kinds  of  aniesthesia  are  as  various  as  aftdMI 
nerve  ramifications,  and  the  symptoms  that  accompany  it  are  luodiAedl 
by  the  locality  and  causation  of  the  disease.  All  forms  of  aiu»(iiai%| 
as  of  paralysis  of  motion,  may  for  the  sake  of  convenience  of  de9oi|^l 
tion  be  classified  under  these  four  general  divisions :  CoiistitutioBil|| 
central,  peripheral,  and  reflex. 

There  are  five  kinds  of  sensibility,  all  of  which  are,  of  course,  rooS'l 
fications  of  general  sensibility,  and  all  of  which  may  become  dimiruiiicd] 
by  disease  : — 

I.  Tactile  sensibility. — This  is  the  form  which  is  most  frequent,  \ 
best  appreciated.     Diminution  or  loss  of  this  sense  is  usually  known  ^J 
anasthesia. 

2. — Sensibility  to  temperature — ^heat  and  cold. 

3.  Sense  of  pressure  or  weight. 

4.  Sense  of  pain. — This  is  quite  distinct  from  tactile  sen5Uii!ii)',g 
which,  on  superficial  observation,  it  is  often  confounded.  The 
this  sense  is  called  analgesia.  These  diflferent  kinds  of  sensibilitr  1 
be  very  unequally  alTected  by  disease.  One  form  may  be  cfltiftlH 
destroyed,  while  the  others  remain  intact.  Thus,  while  tactile  lens- 1 
bility  is  perfect,  the  prick  of  a  needle,  when  timist  into  the  fiesh.  iiuo*  | 
felt.     In  such  cases  there  is  analgesia^  but  not  anaesthesia. 

5.  Faradosensibility. — This  fonn  of  sensibility  appears  to  be«frj 
ciently  distinct  to  entitle  it  to  special  mention.  Farado  scnsibilitjr  »»y  | 
be  quite  active  when  tactile  sensibility  is  much  diminished. 

The  diagnosis  of  anaesthesia,  except  in  very  delicate  cases,  is 
ciently  easy. 

The  degree  of  nonnal  sensibility  lo  tacile  impressions  varies  widf'f  J 
in  different  parts  of  the  body.     Il  is  necessary  lo  bear  this  (act  in  aiittil 
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»nd  to  make  experimental  trials  on  persons  in  health,  in  order  to  arrive 
at  correct  conclusions  in  cases  of  disease. 

The  use  of  the  compasses,  according  to  the  directions  of  Dr.  Weber,* 
will  enable  one  to  determine  in  a  very  accurate  manner  the  condition 
of  the  sensory  functions  in  health  and  disease. 

Thus,  when  the  two  points  of  a  pair  of  compasses  are  placed  upon 
the  inner  surface  of  the  last  phalanx  of  the  finger,  they  need  to  be  sepa- 
rated but  one  line  in  order  to  give  two  iiniiressions,  while,  in  the  middle 
of  the  thigh,  the  points  of  the  compasses  need  to  be  distant  from  each 
other  some  fifteen  to  nventy-fivc  lines  xn  ordrr  that  two  impressions 
may  be  received. 

Sensation  in  the  tip  of  the  tongue  is  more  acute  than  in  any  other 
part  of  that  organ,  for  two  iini>ressions  are  received  when  the  points  of 
the  con)passes  are  separated  by  only  half  a  line  ;  and  it  will  be  fount 
that,  in  the  face,  this  sense  of  acuteness  dijutnishes  as  we  recede  from 
the  mesial  line. 

Electro  diagnosis. — There  is  a  method  of  determining  the  relative  elec- 
tro-sensitiveness of  the  two  sides  of  the  body  that  we  have  found  very 
convenient  and  reliable,  and  sufficiently  delicate  except  for  those  cases 
when  the  anaesthesia  has  extended  over  the  entire  system.  This  con- 
sists in  the  application  of  the  faradic  cu^rrent  by  means  of  a  brass  ball, 
or  other  metallic  electrode,  attached  to  one  of  the  poles  of  a  faradic 
apparatus.  The  other  pole  of  the  apparatus  may  be  placed  at  the  feet 
of  the  patient,  or  at  the  coccyx,  or  at  any  indifferent  point,  as  may  be 
convenient. 

Different  points  of  the  body,  on  both  sides,  are  alternaUly  touched 
with  the  brass  ball,  perfectly  dry,  very  lightly,  and  with  a  mild  current. 
In  order  to  test  the  sense  of  pain,  the  ball  should  be  covered  with  a 
moist  sponge,  so  that  the  current  may  penetrate  the  epidermis.  In 
this  way  a  very  slight  difference  of  sensibility,  especially  of  the  upper 
and  lower  extremities,  can  readily  be  detected.  By  gradually  increas- 
ing the  power  of  the  current  up  to  the  point  of  endurance,  the  extent 
of  the  anaesthesia  can  be  ascertained  with  tolerable  accuracy.  One 
great  advantage  of  tliis  method  is,  that  the  same  apparatus  with  which 
we  treat  the  disease  can  be  used  to  diagnosticate  it,  and  to  mark  the 
progress  from  day  to  day. 

Treatment, — ^\Vhen  the  ansesthesia  is  very  limited  in  its  extent,  and  the 
general  health  of  the  patient  is  otherwise  good,  localized  electrization  is  of 
course  indicated.     As  a  matter  of  fact,  however,  very  many  an.-esthetic 

*  De  pulsu.  resorplionc,  audita  et  tactu,  annotatiunei  anatorntae  et  ptij'siologicx. 
lipsiae,  1834. 


Dear  strong  currents  m  proponion  to  tne  exti 
»rilh  benefit  and  without  injury.     Some  temperami 
the  current  during  the  application  may  yet  expci 
active  effects. 

Prognosis. — The  prognosis  in  anxsihesia,  waivii 
questions  of  causation  or  pathology,  is  usually  vi 
yond  comi>arison  more  favorable  than  that  of  par; 

One  reason  for  this  difference  is  that  aniesthesia 
torn  of  organic  disease  of  the  nervous  system 
and  is  therefore  sooner  treated.      But  we  contini 
when  the  two  conditions  coexist,  as  is  so  frequenll 
tral,  spinal,  and  peripheral  paralysis,  tliat  the  ana 
sooner  and  far  surer  than  the  paralysis  of  motion. 

The  discussion  of  the  interesting  physiological 
by  these  observations,  though  somewhat  enticing 
not  come  within  the  scope  of  the  present  work. 

AHtZttktsia  of  anterior  regi<?H  of  right  t/iigh,  of  tmuma 
standing — Permanent  rec&x'ery  under  locaiiad  ^ 

Cask  LXV. — Mr.  H.,  a  stout,  vigorous  man  iiged  29  \ 
Dr.  H.  Gregory,  of  Harlem,  to  be  treated  for  aiuesiltcia  (whid 
many  years)  of  the  anterior  portion  of  the  right  thijjh. 
Id  which  we  could  refer  the  symptoms  was  an  incised  wound] 
the  thigh,  near  the  great  trochanter,  some  ten  years  prcvioi 

The  patient  could  not  positively  stale  that  the  paralysis 
followed  the  injury,  since  the  anoc^ihc^a  was  not  so  notii 
The  part  had  become  so  insensible  to  ordinary  impressions,  ih 
separate  the  points  of  a  pair  nf  compasses  some  45  to  50  line 
sions  were  received.  The  pricking  of  a  pin  caused  no  scnsatioi 
point  penetrated  several  lines  beneath  the  surface,  no  pain 

Dissipation  in  eating  and  drinking,  unusual  exercise  and 

;ravmted  the  diMrder.     The  first  application  of  the  ft 
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An  application  again  relieved  the  anfestfaesia.  We  found,  as  usual  in  a!l  cases  of 
anaesthesia,  that,  as  the  limb  progressed  toward  a  cure,  it  became  more  and  more 
aenKitive  to  the  influence  of  the  current. 

After  receiving  ten  applications  the  limb  was  again  restored  to  its  normal  sensi- 
bility, although  occasionally,  after  unusual  exertion  and  loss  of  sleep,  it  became  some> 
what  ansettbelic. 

In  the  case  of  this  gentleman,  the  wound  before  referred  to  was  over 
the  course  of  the  external  cutaneous  nerve,  after  it  passed  beneath 
Poupart's  ligament,  and  the  beneficial  results  that  followed  treatment  by 
electrization  were  due,  doubtless,  to  the  fact  that  the  nerve  had  suffered 
merely  from  contusion  and  not  division. 

Hysterical  hyper.usthesia  is  much  more  commonly  noticed  with  us 
than  anaesthesia.  The  latter  condition  is  without  doubt  occasionally 
overlooked,  and  again  may  sometimes  be  feigned. 

Hysterkat  anastktsia — Diminution  of  temprrature  during  the  attacks — Great  in* 
lenjnbility  —  Gradmtl  impraveaunt  and  final  recovery  under  general  far adiiatitn, 

C\SE  LXVI. — Mrs.  S.,  aged  33,  was  subject  to  frequent  attacks  of  hysteria,  with 
intense  melancholy.  She  suffered  also  from  general  neuralgic  attacks  which  were  fol- 
lowed by  almost  complete  anacitheMa — commencing  at  the  fingers  of  either  hand,  ex- 
tending up  to  the  arms,  the  shoulders,  and  face,  and  finally  involving  the  tongue,  so 
that  her  speech  was  only  in  broken  utterances. 

About  the  finger-nails  the  skin  assumed  a  dull  leaden  color.  The  pulse  was  almost 
imperceptible,  and  the  tcmjierature  of  the  affected  parts  was  considerably  below  the 
normal.  Insensibility  to  painful  impressions,  which  always  preceded  the  loss  of  the 
sense  of  touch,  was  at  first  incomplete,  but  gradually  increased.  During  the  attack 
bcr  memory  always  became  mocb  impaired,  so  that  she  was  often  unable  to  call  to 
mind  the  names  most  dear  to  her. 

The  parotysms  laste-1  from  twenty  minutes  to  half  an  hoar,  and  were  followed  by  a 
•evere  headache,  while  a  con'-i<lerable  numbness  of  the  arms  and  hanrls  rcniaineil  for 
srver^il  day*.  Carlxtnate  of  ammonia  seemed  to  relieve  her  more  quickly  than  any 
Other  internal  femefly,  hut  nr>thing  she  had  ever  tried  ha-l  been  of  any  very  permanent 
t>enefit.  An  application  of  the  faradic  currerit,  made  to  the  parts  affected  durmg  a 
parojrysm,  always  shortened  the  attack  ;  although,  while  the  anaesthesia  tasted,  the 
fingerN,  arms  face,  and  tongue  were  insensible  to  the  influence  of  a  current  of  con* 
siderabie  power. 

Treatment  by  general  faradization  was  continued  during  the  interval  between  the 
paroxysms,  re.sulting  in  a  diminution  in  the  severity  of  each  succeeding  attack,  until 
in  a  few  months  they  ceased  to  trouble  her. 

An^tlfuM  of  Uft  side  cf  fate,  extending  to  left  n<>stril  and  internal  surf  art 
»f  cheeky  and  complicated  with  paralytis  9/  motionr^lmprcvement  and  recovery 
under  furadiiaiion. 

Cask  LXVIL— Miss  k.  G.,  an  unmarried  woman,  aged  28,  applied  for  treatment 
for  cutaneous  arsestbesia  of  the  left  side  of  the  face.     She  was  employed  in  a  book- 
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bindery,  and  her  daily  labor  extended  over  «  period  of  from  ttrelvv  to  fa 

As  a.  iiAtural  consequence,  her  general  health  had  become  toinewhat  impaitt  L 

Her  mensEtriial  function  was  however,  performed  regularly  ;  aad^  altiio«ghl 
gestion  seemed  to  be  viguryu.«>,  she  was  nervous  and  amctriic 

She  gave  the  fulUnvin^  account  of  herself :  Some  six  months  prenoulyc,  i 
ticed,  at  the  clow  of  a  day  of  hard  labor,  and  after  e:xposure  to  a  cold  btitng  Mi 
slight  feeling  of  numbness  in  the  right  side  of  the  face.  This  ntunboesR  rap^Ofl 
creased,  until  in  a  short  time  the  anaesthcsij  was  complete.  On  examining  ihr  f 
it  was  found  that  the  mouth  was  drawn  somewhat  over  to  the  ri^hi  side.  Th<i«l 
slight  ptosis  of  the  left  eyelid,  and  the  left  check  wxs  flaccid.  The  want  of  ^ 
sion  was  quire  marked  ou  the  affiicle.l  side,  and  contrasted  stron^y  with  the  r^ 
side  wlicn  she  laughed,  or  cntcrcfl  into  conversation.  She  was  enltrclr  t«»cn*iblei 
ordinary  impressions  on  the  left  side  of  the  face,  and  the  anaslhesia  extemial  l«fl 
/^//  nostril  and  the  internal  surface  of  the  cheek. 

The  sensation  and  ranvement  of  the  tongue,  and  the  power  of  taste,  were  i 
pairel.     Ia>cal  applications  of  the  faradic  current  were  given  every  day  or  tw^  I 
for  some  Utile  time  no  impression  seemed  to  be  made  ^.txx  the  diseased  nerve. 

It  was  only  after  treatment  had  been  continued  two  weeks,  and  some  eighJ 
cations  had  been  given,  that  any  sensitiveness  to  the  current  was  manifest  aUin;lll( 
course  of  the  fifth  pair.     The  improvement,  however,  from  this  time,  although « 
was  constant. 

In  this  case  the  nile  that  the  anaesthesia  improves  more  rapidly  t 
the  paralysis  of  niotion  was  reversed. 

The  anaesthesia  improved  but  little  until  the  face  assumed  its  rut« 
proportions,  when,  in  a  short  time,  the  normal  sensation  entiirlvi 
turned.     The  treatment  was  continued  during  two  months     In  i 
cases  of  anaesthesia  of  the  trigeminus,  related  bv  Ronibei^.  the  Ioh  < 
sensation  was  so  marked  that  deep  pricking  with  a  needle  catiserf  \ 
pain,  while  in   this  case  the  anaesthesia  was  limited   to  the  skin  : 
mucous  nuenibrane.     An.'esthesia  of  the  fifth  pair  of  nerve*  nut 
peripheral  or  central ;  in  the  latter  case  tliere  is  coincident  jxualjsal 
the  nerves  of  motion  and  sensation,  and  hemiplegia,  more  or  loss  < 
plete,  is  often  present. 

The  diagnostic  symptoms  of  this  variety  of  paralysis  differ,  ace 
as  the  seat  of  the  disease  is  located  in  the  course  of  the  various  i 
cations  of  the  fifih  pair,  after  it  leaves  the  sphenoid  bone«  or  in  tbe< 
serian  ganglion,  or  at  the  base  of  the  brain. 


Anitstktsia — Diminished  temperature—  The  result  vfafnuiuredfihuU—  DetHtit 
lit/  from  localiud  faradiaatitfH, 

Case  LX  VUI.— .Mr.  W.,  wife  of  a  physician,  fell  njion  the  Icy  xklewaik  < 
evening  and  sustained  a  fracture  of  the  fibula,  with  rupture  of  one  of  t)»e  lig 
a(ikl&     Recovery  was  tedious,  and  after  slie  was  able  to  walk  the  parts  I 
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manently  anaesthetic,  cold  and  weak.  We  made  ample  local  applicatioas  of  :he  fara« 
die  current  to  the  limb  smd  with  beneficial  results.  The  anaesthesia  nearly  disappeared 
and  the  temperature  of  the  part  became  normal,  while  the  patient  was  able  to  use 
the  foot  without  pain  and  to  accomplish  much  more  in  the  way  of  walking. 

General  anasthesia— Impaired  motor  power  with  great  debility — The  sequela  of  an 
attack  of  diphtheria — Dissipated  by  six  applications  of  general  faradization  and 
central  galvanisation. 

Case  LXIX — Mr.  C.  H.  G.,  referred  to  us  by  Dr.  J.  O'Farrington,  suffered 
from  a  severe  attack  of  diphtheria  in  the  month  of  April,  1873.  He  was  left  in  a 
very  weak  condition,  and  with  difficulty  only  could  attend  to  his  ordinary  duties. 

About  the  21st  of  May,  the  patient  observed  some  numbness'and  loss  of  motor 
power  in  all  four  extremities,  which  rapidly  increased  until  he  could  hardly  distinguish 
anything  by  the  touch,  and  was  most  unsteady  in  his  gait.  His  symptoms  were  from 
week  to  week  increa^ng  in  severity,  when  he  came  under  our  observation  and  was 
submitted  to  the  alternate  treatment  of  general  faradization  and  central  galvanization. 
Six  applications  administered  during  the  course  of  two  weeks  dissipated  all  ansesthe^ 
sia,  restored  the  power  over  locomotion,  and  left  the  patient  in  his  ordinary  physical 
strength. 

The  symptom  of  anaesthesia  occurs  in  many  forms  of  paralysis  of 
motion — hemiplegia,  paraplegia,  and  so  forth — and  many  cases  will  be 
found  under  those  diseases.  Anaesthesia  occurs  also  in  writer's  cramp 
and  in  locomotor  ataxia,  where  it  is  a  prominent  symptom.  In  all  the 
diseases  where  it  exists  as  an  incident  or  complication  it  is  to  be  treated 
on  the  same  principles  as  where  it  exists  as  the  sole  or  leading  symp- 
tom. 
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Paralysis  of  motion  is  a  conditioD  for  which^  from  the  earlieat  I 
tory  of  electro-therapeutics,  electricity  in  its  different  forms  his  I 
used  more  than  in  any  other  disease  ;  and  not  until  quite  recently  I 
it  been  demonstrated  that  there  are  many  other  symptoms  in 
the  results  of  electrical  treatment  are  much  more  rapid  and  bhilili 
than  in  any  form  of  motor  paralysis.  In  hysteria  and  affcctioDs  aliii 
to  it,  in  cerebral  and  spinal  congestion,  in  chronic  alcoholism,  neu»I| 
and  in  certain  diseases  of  the  skin,  electricity  rightly  used  by  i 
ods  of  central  galvanization,  general  faradization,  and  local 
tion  of  the  nerve  centres,  relieves  and  cures  far  more  rapidly  tium  ] 
paralysis. 

Paralysis  has  been  especially  prominent  in  electro-therapcudo^  1 
the  reason  that  oftentimes  electricity  is  the  only  remedy  to  wbiA  | 
yields.     Those  who  have  restricted  themselves  to  localized  elccti 
have  always  given  their  chief  attention  to  different  forms  of  motor  J 
alysis,  but  even  now  the  impression  yet  lingers  that  it  is  about  the  e 
disease  for  which  electricity  is  indicated. 

All  fonns  of  paralysis,  as  of  neuralgia,  may,  for  the  sake  of  ( 
ience  of  descrijnion  of  therapeutical  indications,  be  included  under < 
of  these  four  divisions : — 

1.  ConstitutionaL 

2.  Central. 

3.  Peripheral 

4.  Reflex 
Constitutional  Paralysis. — This  term  is  applied  to  those  pa 

which  arise  from  some  blood  poison  or  constitutional  degeneraiioa- 

Among  the  more  common  causes  of  this  variety  of  paral}-sii  laai ' 
mentioned  hysteria  and  the  poisons  of  certain  diseases,  as  gout,  t 
matism,  syphilis,  mineral  poisons,  as  lead  and  opium,  etc 

Rheumatic  Paralysis, — In  the  partial  but  persistent  paraly 
occasionally  follows   subacute  muscular  rheumatism,  faradiMiii 
proved  exceedingly  efficacious.     The  muscles  most  frequently  J 
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\\j  rheumatic  paralysis  are  the  deltoid  and  trapezius  (in  consequence 
of  which  it  becomes  impossible  or  difficult  to  lift  the  arm  from  the  side), 
the  extensor  muscles  of  the  forearm,  the  muscles  of  the  lower  extrem- 
ities, and  occasionally  the  inter-ossei  and  lumbricales  muscles. 

£l£^ro  Diagnosis — Treatment. — The  electro-muscular  contractility 

jrecent  cases  is  normal ;  in  long-standing  cases,  diminished.      General 

\  well  as  purely  local  treatment  is  frequently  required  in  paralysis  of 

ITheumatic  origin,  in  order  to  combat  the  rheumati.sm  in  the  constitu- 

,  as  well  as  its  local  manifestations  (see  chapter  on  Rheumatism). 

In  this,  as  in  other  forms  of  paralysis,  atrophy  of  the  muscular  tissue 

coirs  after  a  certain  length  of  time.     It  is  extremely  important  to  begin 

nent  before  the  muscles  become  thus  affected.     In  cases  of  rheu- 

»«ic  paralysis,  where  the  invasion  has  been  sudden  and  the  pain  con- 

ladcrabk,  electric  excitation  produces  pain  ;  but  where  the  invasion  has 

«n  more  gradual  and  unattended  by  pain,  electric  excitation  causes 

Itcty  little,  if  any  sensation. 

I  iintKMtie  paralysis  of  deltoid,  of  several  months''  standing — Recovery  under  generat 
and  localized  faradisation, 

Cmi  LXX. — A  patient,  a  young  tady  aged  23,  had  been  unable  to  raise  her  hand 

limber  side  for  several  months.     The  access  of  the  rheumatism  was  giMdual,  and 

IKlUaided  by  acute  pain,  exccpling  when  pressure  was  made  over  the  affected  miis- 

^  or  when  she  attempted  to  raise  the  arm.      An  application  of  the  faradic  current 

Ifoin  only  when  it  was  sufiTicieully  intense  to  produce  contractions. 
Tbe  inuicle   rapidly  became  less  sensitive  to    the  influence  of  the  current,  and 
illy  regained  its  lost  power.     The  restoration  of  strength  was  complete  in  two 

We  have  treated  quite  a  number  of  cases  of  rheumalic  paralysis  of 

*^«  deltoid,  the  trapezius,  and  of  the  tower  extremities,  and  usually 

"^th  the  most  satisfactory  results.     Electricity  is  always  indicated  in 

^ii  condition,  and  few  cases,  doubtless,  would  fail  to  improve,  even  if 

\J^)  do  not  recover  imder  its  influence. 

Syphilitic  Paralysis. — Syphilitic  nervous  affections  may  exist  either 
r*ilh  or  without  appreciable  structural  change.     Paralysis  which  results 
'worn  sccondar)'  syphilis  may  derive  benefit  from  electrical  treatment. 
"The  principles  and  method  of  treatment  are  the  same  as  for  rheu- 
^'^^fic  paralysis.     There  is  as  yet  no  evidence  that  general  faradization 
^'■^^cnira.l  galvanization  have  any  special  influence  over  the  syphilitic 
*^'*on ;  they  act  as  general  tonics  and  thus  help  the  system  to  contend 
^^  the  disease. 
lead  F^alysU.—ln  slow  poisoning  by  lead  the  metal  becomes  dif- 


liefly  affil^^^^^is  disease,  as  in  hemiplegi 
and  operate  at  a  great  mechanical  disadvant 

EUctri^- Diagnosis  and  Treatment. — The  el 
ity  of  the  affected  part,  in  this  form  of  paralyi 
and  frequently  it  is  entirely  lost,  even  in  cases 
uo  atrophy  of  the  muscles.  The  electro-iimscu 
unimpaired  Diptegic  contractions  may  app 
cording  to  Hitztg,  mobility  in  cases  of  lead 
electric  contractility. 

If  the  dectro-muscular  contractility  is  corn] 
apply  a  mild  galvanic  current  to  the  paralyze 
before  the  faradic  is  made  use  of  The  latt« 
daily,  and  not  longer  than  ten  or  fifteen  niin 
soon  as  the  slightest  contractions  are  produce 
the  galvanic  may  be  discontinued.  In  some 
the  galvanic  current  answered  belter  than  tb 
muscles  respond  to  the  faradic. 

LtaJ paratytis  a/  niru  months^  standing  dropped  wriit^ 
hcaiiitd  gafiMntsalion  and ftir\ 


Cask  LXXI.— F.  H..  aged  24,  afBicted  with  lead  pu 
tory  :  For  several  years  he  had  worked  almost  constantly 
prior  lu  his  application  for  relief  he  became  ob&tiualely  01 
pains  in  the  legs  shoulders,  and  over  the  body  generally,  1 
a  decided  lameness  in  the  wrists.  He  gradually  became 
sible  to  raiiie  the  right  hand  at  all,  and  over  ibe  little  1 
but  little  control. 

No  contractions  of  the  affected  muscles  followed  k 
vanic  current  produced  slight  contractions. 

Tlie  patient  was  treated  for  some  weeks  bjr  a  gain 
•trength  to  produce  slight  muscular  moti»in  ;  and  subsrt 
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success.    The  method  of  artificial  respiration  may  be  used  (see  chaptet 
on  Arfijicial  Respiration). 

After  recovering  consciousness  from  severe  poisoning  by  opium,  or 
other  poisons,  the  various  limbs  of  the  body  are  occasionally  left  in  a 
permanently  paralyzed  condition  that  persistently  resists  all  the  efforts 
of  nature  and  medicine.  Two  such  cases  have  fallen  under  our  obser- 
vation. 

Paritai  fara!ysit  of  vppfr  And  iow(r  limhs^  taustd  by  a»  <yvtrdose  of  opium — /w»- 
prn-emenl  under  gtneral  faradization. 

Case  LXXII. — A  little  boy,  some  eight  years  of  age,  was  presented  to  us  suflering 
from  partial  paralysis  of  the  lower  lirobs  and,  in  a  le**  degree,  of  both  arms  also.  He 
could  walk  only  with  the  assistance  of  another,  and  then  with  an  nncertain,  staggering 
gait.  His  legs  were  rcmarlcably  small  and  cold,  his  bowels  continually  constipated, 
and  his  general  condition  feeble.  When  but  three  years  old,  his  oiirse  on  one  occa- 
sion administered  to  him  by  mistake  a  tcaspoonful  of  the  tincture  of  opium. 

By  iTer>istcnt  efforts  only  was  his  life  saved  ;  but  the  shock  to  his  nervous  system 
was  so  great  that,  for  one  year  after,  both  legs  were  completely  paralyzed.  Finally 
he  reg-iined  a  portion  of  strength,  until  lie  reached  the  condition  already  descril)ed. 

The  electro-muscular  contractdJty  and  electro-sensibility,  not  only  of  the  limbs,  but 
of  the  entire  bo<ly,  was  much  improved.  The  boy  could  t)car,  without  pain,  a  fara- 
dic  current  of  sufScient  intensity  to  prostrate  a  grown  person  in  ordinary  health.  The 
first  general  application  seemed  to  benefit  him. 

He  felt  lighter  and  better.  Six  subsequent  stances  increased  his  appetite,  percepti- 
bly augmented  his  strength,  and  relieved  his  constipation.  At  this  time  his  legs 
began  to  feel  somewhat  warmer,  while  he  was  unable  to  bear  a  current  of  as  great 
intensity  as  !>eforc.  The  patient  M'as  under  treatment  some  two  months  and  received 
about  twenty-five  applications.  The  temperature  of  his  legs,  and  of  his  whole  body, 
had  very  decidedly  improved. 

His  legs  had  grown  larger,  and  when  he  disoonttouod  treatment  his  general  health 
liras  fair,  and  his  gait  nearly  normal. 

Hysterical  Paralysis. — The  hysterical  form  of  paralysis  is  constilti- 
ttonal,  because  the  entire  central  nervous  systetii  is  degenerated  into  a 
condition  of  abnoniial  susceptibility  (see  chapter  on  Hysteria  and  allied 
Affections). 

Electro-Diagnosis. — In  this  form  of  paralysis,  the  electro  muscular 

contractility  in  recent  cases  is  unimpaired  ;  in  old  cases  it  may  be  im- 

paired  or  lost,  or  the  electro  sensibility  may  be   very  much   bhmled. 

Diplegic  contractions  somt:times  appear  in  hysteria.    The  loss  of  power 

•is  usually  incomplete,   and   sooner  or    later  recovery  usually  takes 

'  place. 

Treatment. — The  disease  is  constitutional  and  demands  general  as 
well  as  local  treatment     I  -1  many  instances  general  faradization  pro- 
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motes  rapid  recovery  ;  other  cases  are  very  rebellious  and  only 
up  to  a  certain  point.     The  general  treatment  may  be  combi 
central  galvanization  and  faradization  of  the  aflfectcd  part. 
The  following  case   is  an  example  of  its  influence  ^ 
fomi  of  tliis  affection  : — 

Hysterical  ^arafysit  of  right  arm — Attacks  frtqutntty  repeattd^tmmiA 

from  iocaiited faradivUion.  Mk 

Case  LXXIII. — A  young  lady,  of  on  excessively  nervous  ocganluban 
quently  subject  to  hysterical  attacks,  when  one  of  her  arm*  (genenliy  the  rigl 
became  perfectly  anaesthetic  and  almost  powerless.  As  a  rule,  her  arm  re 
this  coodjtion  alwut  an  hour. 

On  one  occasion,  immediately  after  an  attack,  a  powerful  faradic  curro 
reeled  for  two  minutes  through  the  arm,  from  the  w^risl  to  the  shoulder,  0 
dis-siiMtiiig  the  uuesthesia  and  restoring  the  lost  power.  Many  similar  ap| 
during  sul>sequenl  attacks,  invariably  produced  the  same  result.  Jl 


Gtneral  farafysis  cf  an  hysterical  character,  with  loss  of  motion  c/  hni 
and  laater  limhs,  and  srz>cre  atrophy  of  the  muscles  of  the  upper  limh" 
able  symptcms —  V'ery  great  imprirvement  but  not  absolute  recovery  mmder^ 
and  central  galvaniiation. 

Case  LXXIV.— Mrs.  S.,  oTStnten  Island,  aged  41,  was  the  most  remark, 
tration  of  the  efficacy  of  galvanization  in  paralysis  that  has  ever  fallen  underi 
vation.  The  patient  first  came  under  our  care  Sept.  25,  1S68.  Nine  nioai 
she  suffered  a  raiscarnage  that  had  left  her  in  a  condition  of  utter  bdple*MWI 
upper  and  lower  limbs  were  completely  paralyzed,  the  only  power  reoiatBai 
sliglu  limited  movement  of  the  fingers.  The  hands  were  permanently  exic 
intcr-ossci  greatly  atrophied,  and  the  muscles  of  the  arm  and  forearm  \ 
shrunken  that  the  circumference  of  the  arm  was  dimtnishetl  to  the  exia 
one  and  two  inches.  The  lower  limbs  were  absolutely  rootionle 
gave  even  the  feeblest  response  to  the  will.  The  muscles  of  the  lower  I 
little  atrophied  even  below  the  knee;  but  the  skin  prcscntcl  a  pecu 
peamnce  that  is  associated  with  greatly  impaired  nutrition,  which  has  been 
by  Uri  Mitdiell,  Morehouse,  and  Keen.'  There  was  however,  no  pai^ 
the^e  physicians  found  to  be  an  invariable  accompaniment  of  glossy  skin  tlii 
from  injury  to  a  nerve.  The  appearance  of  the  skin  may  be  best  utulerstood 
paring  it  Lo  a  cicatrized  wound.  Tlib  appearance  was  most  marked  hclc»*  tl 
Both  upj»er  and  lower  limbs  were  very  cold  and  very  sensitive  to  cohl.  ^| 
iotj  of  p<nver  over  the  bladder  or  rectum.  Appetite  and  digestion  i*fl| 
there  Wi\i.  some  dyspnoe.'v.  The  patient  also  slept  well  usually,  although  ccM 
lie  c(Utst.\nlly  on  her  b.ick  unless  she  was  turned  over.  The  important  te|| 
CAM  was  the  remarkably  healthful  performance  of  most  i>f  the  vital  A^H 
luiwol  with  absolute  helplessness.  As  the  little  motion  of  her  fingcrt  vrasflP 
|0  <HtbAe  bcr  to  grasp  even  the  lightest  object,  it  was  necessary  for  the  nan 

*  CiuHbot  Wom^diii,  and  other  Injuries  of  Nerves.     1864.    Y^   Tfkl 
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Dnilyshe  was  lifted  out  of  bed  and  placed  in  an  invalid's  chair  that  could  be 
lowered  into  a  homontal  po&ilion.  To  sit  op  in  an  ordinary  chair  was  impossible, 
since  the  flexion  of  her  liml»s  caused  unbearable  pams  in  the  joints. 

I'^e  brain  was  usually  clear,  though  the  memory  had  been  somewhat  impaired. 
The  patient  was  surprisingly  buoyant ;  but  sustained  mental  exertion,  even  the  read- 
ing of  a  short  paragraph,  was  followed  by  sensations  of  weariness. 

The  patient  was  of  a  nervous  constitution,  had  never  been  capable  of  great  exertion, 
anti  for  a  long  time  l>efore  the  attack  had  complained  of  numbness,  tingling,  and  other 
premonitorj'  symptoms. 

Eltctrie  examination  showed,  as  was  expected,  absolute  loss  of  electro-mxucular 
contractility,  in  both  the  upper  ami  lower  limbs  to  the  fararlic  current.  A  strong 
galvanic  current  produced  feeble  contractions  in  llie  extensors  and  flexors  of  the  fore- 
arms,, but  none  whatever  of  the  muscles  of  the  lower  limbs.  There  was  also  very 
(^reat  anaesthesia.  Analgesia  existed  in  the  lower  limbs.  In  the  arms,  forearms  and 
fingers,  there  was  exeesswe  hyperttxtkeiia  of  the  sense  0/  touch,  eonjoined  ivith  derided 
analgesia.  A  tolerably  strong  current  localized  in  the  muscles  was  not  painful,  but 
the  slighlcit  touch  on  the  surface  was  unpleasant.  Two  imp(.»r|ant  features  of  the 
case  were  re/lex  spasms  of  the  muscles  of  the  hnuer  limbs  during  electrization^  and  a 
guitar  sensation  through  the  whole  nervous  ramification  after  electrization.  The 
patient  compared  it  to  "  waves  of  sensation  "  rolling  up  and  down  the  limbs.*  This 
sensation  was  sometimes  felt  one  or  two  days  after  the  application. 

Taking  into  consideration  all  the  facts  of  the  case — the  completeness  of  the  paralysis, 
the  loss  of  muscular  contractility,  the  absence  of  pain  in  the  limbs  or  in  the  spine,  the 
Absence  of  any  morbid  symptoms  in  the  rectum  or  bladder,  or  of  a  feeling  of  constriction 
in  the  abdomen,  the  absenc-e  of  spinal  tenderness,  or  of  a  sensation  of  pain  when  ice  or 
hot  water  were  applied  to  the  back,  and  the  various  and  f>eculiar  behavior  under  elec- 
trization, we  concluded  that  the  case  was  one  of  a  hysterical  character. 

The  treatment  consisted  chiefly  in  central  and  localised  electrization  three  times  a 
■week.  Both  methods  were  usexl  at  the  same  sitting.  At  first  the  faradic  current  was 
used,  but  without  making  any  impression  on  the  disease.  The  first  application  of  the 
galvanic  current  took  immediate  effect.  The  next  day  the  patient  could  raise  both  of 
ber  lower  limbs  six  inches  from  the  horizontal,  as  she  lay  in  her  chair.  The  improve- 
■lent  was  permanent  and  progressive.  Another  singidar  feature  was  that,  in  spite  of 
ber  weakness  and  helplessness,  the  patient  could  and  did  bear  with  benefit  protracted 
a.pplication&  In  order  to  bring  the  whole  body  under  the  influence  of  the  current  at 
one  sitting,  and  at  the  same  time  to  give  the  needful  attention  to  the  affected  muscles 
and  groups  of  muscles  the  sittings  were  sometimes  double  the  average  length. 

Improvement  in  the  upper  limbs  followed  improvement  in  the  lower.  The  exten- 
sors and  flexors  of  the  arm  and  forearm  soon  began  to  resume  their  contractility  under 
the  faradic  current. 

January,  1S69,  the  patient  had  steadily  progressed  from  day  to  day.  Although 
healthful  contractions  were  not  obtained  in  the  muscles  below  the  knee,  even  under 
the  galvanic  current,  yet  the  skin  had  a  less  glossy  appearance,  and  the  power  of  mo- 
tion had  greatly  increased. 

The  improvement  in  the  arms,  though  at  first  slow,  was  subsequently  more  rapid  in 


*  One  of  the  authors  has  experienced  a  precisely  similar  sensation  through  the  br^n, 
Vpinal  cord,  and  all  the  ramifications  of  the  nerves,  after  an  overdose  of  haslieesh. 
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^^mfm  Aaa  in  die  lower  limbs.     By  Jan.  t,  both  tHe  arms  and  foreanns  iud 
m^lUtf  mtrngei,  as  was  also  shown  by  measurement.      The  patient   cotilJ 
.%k  «*f««*%  tmA  was  b^inning,  in  an  awkwajrd  way,  to  feed  bersclf.     She 
M  wmt^  a  amal  positioo  in  her  chair,  and  when  well  supported  could  stand 

Fd^  I,  (S69,  ^  treatment  was  abandoned,  because  the  patient  seetned  for 
IMS  ta  aoHaa  tfatwanry.     At  that  time  she  had  increrued  in  weight  to  the  < 
iifaB  «a  etHOft^  of  twcaty-five  pounds,  ^though  the  patient  was  not  weislwd. 
VK  aiie  «•  w^ti  skoit  paragraphs^  and  took,  her  book  or  paper  daily. 

Qte  meama/t  «f  tke  -weakacai  of  the  peronei  muscles  of  the  right  leg,  the  foot 
aft  akBi(  cdAkcd  a  teadcxtcy  to  turn  in.     This  $)'mptom  did  not  improve. 

JUha  tftc  OcataMnt  was  discontinued,  the  patient  still  progressed. 

H^Oklitf  >BeB,  AngBSt  1S70,  she  had  gained  from  thirty  to  forty  pounds  in  1 
korf  aaaij  fidi  ase  of  her  arms  and  haiids,  ^^\nch  had  regained  their  full  aae,  «wi  * 
alie  to  ttq>  with  aaastancc,  and  appeared  to  be  prc\-ented  from  walking  akoe  oai| 
^iibcsb.     She  coold  read  for  hours  at  a  time  without  excessive  fatigue. 

tlK  OBfrovcnient  in  the  lost  few  months  had  been  greatly  aided  by  sysleaitief 
■■■{  aHl  flaovoDcnta. 

In  the  above  extraordinary  case  the  record  was  never  complete, 
^K  results  of  treatment  were  most  interesting  and  remarkable. 

Prof.  J.  L.  Cabell  has  detailed  a  very  interesting  case  of  hj 
hemiplegia  that  presented  many  of  the  peculiarities  of  the  a1 
aod  which  completely  recovered  under  general  and  localiied 
tkm.* 


B^fttumi pca^ApUgia  after  slight  exerthit—Comfltte  recovery  under gemtr^ fit^ 

disatioft. 

Case  LXXV.— Miss  J-,  aged  25  )'cars.     Was  referred  to  us  by  Dr.  C  II.1 

The  patient  was  of  slight  build,  and  her  nervous  system  had  from  chiliihoo4  I 
vaduly  excitable.  Three  years  before,  after  an  attack  of  typhuid  ferer,  tht  < 
aa  inability  to  walk  more  than  a  short  distance  without  a  sense  of  decidcil  ( 
in  the  legs.  This  symptom  gradually  increased  in  gravity  until,  in  the  > 
manth  or  so,  a  minute's  walk  would  be  followed  by  violent  trembling  of  the  limbs  I 
nch  a  feeling  of  !o»  of  power  that  rendered  further  effort  impossihle. 

After  being  thus  affected  for  a  year,  the  patient  visited  Saratoga,  wlwc  her  i 
tiaia  rery  decidedly  improved.     The  gain  was,  however,  but  tem|M3rary,  for  ton 
leaving  the  Springs  she  rdapsed,  and  for  a  year  and  a  half  every  effort  hai  Uli| 
■pprcciably  benefit  her. 

On  the  4th  of  Jaasary,  1872.  we  began  treatment  by  cautiotidy  aahsiltiJRl  ( 
paoeot  to  general  Caraifiaarinn.     She  was  so  suscefitihle  to  the  tnfloenceof  th»e 
tba  the  tnost  gentk  tfeatacat  was  borne  with  difficulty.     GraduaflT,  from  1 
tee,  the  power  of  the  correat  w«5  increased  until  she  bore  witbont  dnooaAa^ 

trnm^  trwtmwt      After  the  6rst  week  slight  improvement  %nu  nianifraei  i 

■8^  coa  onxd  «ftil  the  t4  of  April,  a  period  of  nearly  three  tnonthi,  ^idm  I 

•  AnkiMS  of  EJectrotogy  mnd  Neurology,  May,  1874,  p,  49. 
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WAS  able  to  walk  any  ordinary  distance  with  perfect  ease.     Tlie  entire  number  of 
applications  was  forty.     No  relapse  has  occurred. 

In  another  case  of  a  young  lady  whose  Hmbs  would  g;ive  aui  suddenly 
and  compUtely  after  walking  perhaps  half  a  block,  the  results  of  treat- 
ment were  also  satisfactory. 

Central  Paralysis. — Central  paralyses  are  those  M'hich  depend  on 
some  special  and  distinct  morbid  condition  of  the  brain,  spinal  cord,  o** 
sytinijathctic. 

Hemiplegia  and  paraplegia,  with  their  complications,  are  the  more 
frequent  and  important  manifestations  of  paralysis  of  central  origin. 

Electro  Diagnosis. — In  the  electrical  treatment  of  cerebral  and  cere- 
bellar jxiralysis  it  is  of  sviprenie  importance  to  make,  so  far  as  possi- 
ble, a  diagnosis  of  the  precise  seat  of  the  lesion,  as  well  as  the  general 
nature  of  the  morbid  process.  The  difficulties  in  the  way  of  exactly 
localizing  the  seat  of  the  lesion  are  very  great,  and  our  success  must  of 
necessity  be  at  best  approximate  and  relative. 

1.  When  the  morbid  process  is  in  the  large  hemispheres,  electric 
examination  indicates  a  convulsive  or  exhausted  condition.  This  condi- 
tion  is  also  associated  with  conviilsions  and  contractions.  By  the  aid 
of  other  associated  symptoms  we  may  be  able  to  localize  the  disease 
more  definitely. 

2.  Wicn  the  morbid  process  is  in  the  central  ganglia,  the  reaction 
may  be  either  normal  or  increased. 

3.  Dijfficulties  of  s7vallowing  bdicate  disease  of  the  pons  and  the 
medulla  oblongata. 

When  dizziness  is  excited  by  a  very  mild  galvanic  current,  there  is 
reason  to  suspect  some  morbid  process  within  the  brain.  The  diagno- 
sis of  the  diseases  of  the  brain  with  which  hemiplegia  is  associated  is 
nmch  aided  by  the  ophthalmoscope,  which  frequently  reveals  changes 
in  the  optic  disk,  the  retina,  the  choroid,  and  their  blood-vessels.  Cere- 
bral  effusion  ra.ay  be  indicated  by  congestion  or  infiltration  of  the  optic 
disks  on  the  side  on  which  the  clot  exists  ;  tumors  of  the  brain  by 
neuritis,  neuro-retinitis,  and  ischemia ;  softening  occasionally  by  neu- 
ritis or  atrophy. 

Prognosis. — The  prognosis  of  hemiplegia  under  treatment  by  elec- 
tricity is  in  general  much  better  than  has  been  supposed.  Manifestly, 
everything  depends  on  the  nature  and  seat  of  the  affection  as  well  as 
on  the  age  and  constitution  of  the  patient. 

The  prognosis  is  better  in  proportion  as  the  symptoms  are  uncom- 
plicated ;  belter  in  the  young  and  middle-aged  than  in  the  old.  Cases 
that  art  so  tharoughly  eured  as  to  leave  no  marks  behind  are  exceptionoL 
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77ie  impr(n>ement,  however  rapidly  it  may  ^ro^ets  aifarsi^  usutNj  t 
ai  some  point  short  of  a  perfect  cure.     The  majority  of  c»«*  at] 
benefited,  sometimes  rapidly  benefited,  up  to  a  certain  point,  after  i 
the  improvement  cannot  be  pushed  by  any  amount  of  treatment 
furthermore  always  necessary   to  bear  in  mind  the  liibility  to  < 
attacks  ;  very  many  cases  are  improved  at  once  and  rapidiv   whiV 
others  the  progress  is  almost  imperceptibly  slow. 

\x\ psychical  symptoms  (melancholia,  hypochondria,  etc),  the  ^lo 
sis  is  often  quite  favorable.    A  persistence  of  these  psychical  coujp 
tions,  even  when  other  symptoms  appear  to  yield,  we  have  ctXKl 
regard  as  an  unfavorable  sign. 

In  ancesthesia,  when  imcorn plicated  with  other  symptoms,  the 
nosis  is  remarkably  good,  even  when  variously  complicated  with  | 
sis  of  motion  or  disorder  of  the  cranial  nerves,  and  the  anaestheiia  i 
yield,  even  though  its  associated  symptoms  are  not  affected. 

In  severe  disorders  of  speech  the   prognosis  is   not  \^t^  fav« 
They  are,  however,  susceptible  of  treatment. 

In  impairment  of  nutrition — the  muscular  atrophy  that  so  I 
accompanies  hemiplegia — the  prognosis,  especially  when  the  cases  1 
not  been  too  long  neglected,  is  oftentimes  exceedingly  favorable 
the  affected  lower  limbs  have  become  much  reduced,  they  may  bjr  ( 
severing  faradization  and  galvanization  be  restored  to  their  normill 

In  contractions  of  muscles  and  convulsions,  the  prognosis  ia  i 
able. 

In  disorders  of  bladder  and  rectum,  the  prognosis  is  not  vcr>'  fan 

In  affections  of  the  joints  the  prognosis  is  not  very  favorable. 

In  cases  complicated  with  hysteria  or  hysterical  symptoms  the| 
nosis  is  better  than  in  cases  not  so  complicated.  In  very  strong  i 
vigorous  persons  of  coarse  organization  the  prognosis  is  generally  i 
good  as  in  the  ner\'Ous  organi^ation. 

Other  conditions  being  the  same,  the  prognosis  is  much 
those  cases  where  the  arm  is  not  affected ;  and  when  both  the  ana  l 
leg  are  affected,  the  leg  is  susceptible  of  the  earliest  and  greatest! 
provemcnt.  The  chief  difficulty  in  the  hand  is  usually  with  the< 
scrs  and  tnter-ossei,  which,  being  very  long  and  weak  muscles,  and  I 
ing  as  they  do  at  the  worst  power  of  the  lever,  are  the  greatest  sal! 
in  hemiplegia,  and  are  very  slow  to  resume  their  normal  functions. 

It  should  always  be  borne  in  mind  that  the  tendency  of  the  di* 
toward  recovery  up  to  a  certain  extent,  and  that  the  improvcnieol  »l* 
takes  place  in  the  early  stages,  sometimes  very  rapidly,  is  portly « 
nature  and  time. 
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Electrical  Treatment, — Diseases  of  the  brain  of  the  different  varieties 
are  to  be  treated  by  both  general  and  localized  faradisation  according 
to  the  indications  of  each  case.  General  faradization  is  frequently  in- 
dicated in  hemiplegia  as  in  other  manifestations  of  disease  of  the  brain, 
on  account  of  the  general  debility  of  the  functions,  that  accompanies 
and  follotvs  an  attack  of  disease  of  the  brain.  It  improves  the  general 
nutrition. 

Central  galvanization  with  a  very  rnfld  current  is  a  method  of  treat- 
ment that  is  of  great  service  in  these  conditions.  The  special  fomi  and 
locality  of  the  galvanization  will  depend  on  the  supposed  locality  of  the 
disease. 

It  is  well  to  use  central  galvanization  alternately  with  general  or 
localized  faradization. 

There  is  little  doubt  that  this  method  of  treatment,  when  not  over- 
done, acts  beneficially  on  the  nutrition  of  the  brain,  directly  by  the 
passage  of  the  current  through  the  bniin,  and  indirectly  through  the 
modification  of  the  cerebral  circulation  by  the  irritation  of  the  sympa- 
thetic. 

It  must  be  confessed,  however,  that  the  exclusive  use  of  central  gal- 
vanization in  cranial  disorder  is  far  from  being  satisfactory,  and  for  these 
four  reasons :  First.  With  all  our  improved  means  of  diagnosis  it  is 
iiDpossiblc  to  fix  with  anything  more  than  approximate  certainty  the 
seat  or  even  the  nature  of  the  morbid  process  in  diseases  of  the  brain  ; 
hence,  all  localization  of  the  galvanic  current  in  this  or  that  part  of  the 
head  must  at  best  be  empirical  and  tentative.     Second//.     It  is  im- 

l  iK>ssible  to  localize  the  galvanic  current  entirely  in  any  small  portion  of 
the  brain.  Thirdly.  Diseases  of  the  brain  are  usually  accompanied 
and  followed  by  general  feebleness  that  demands  constitutional  treat- 
ment. kwAfourthly^  the  paralysis  wilt  not  yield  to  merely  central  treat- 
ment directed  to  the  seat  of  the  disease,  but  must  be  treated  itself.  In 
hemiplegia  also  the  spinal  cord  becomes  affected  through  disease  ;  hence 

I  the  theoretical  indication  for  galvanization  of  the  spine,  or,  better  still, 
the  entire  method  of  central  galvanization. 

General  faradization,  thoroughly  used,  affects  all  parts  of  the  brain  and 
the  s)Tnpathelic  at  each  application,  and  in  addition  powerfully  and 
beneficially  aflfccts  the  entire  periphery.  The  improvement  which  is 
acquired  by  the  extremities  and  by  all  the  superficial  muscles,  and  by 
the  viscera  especially,  under  genera!  faradization,  we  believe,  reacts 
favorably  on  the  brain  and  aids  the  reparative  process.   Our  best  results 

I  thus  far  have  been  obtained  by  the  combination  of  localized  faradization 
of  the  paralyzed  muscles^  general  faradization^  and  central  galvanization. 
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In  the  majority  jf  cases  of  hemiplegia  the  muscles  are  not  sobaAf^ 
paralyzed  that  they  will  not  readily  contract  during  the  process  of  gexxnl 
faradization.  Localized  faradization  with  careful  and  special  reference 
to  the  motor  points  is  therefore  not  necessary,  and  as  general  fajidto- 
tion  acts  more  or  less  on  the  spir^al  cord,  which  is  secondarily  affected, 
and  on  the  whole  system,  which  in  time  becomes  debilitated,  as  wtW  i 
on  the  paralyzed  muscles,  it  is  well  oftentimes  to  use  tliai  method  i^ 
connection  with  localized  faradization  or  in  preference  to  it. 

In  regard  to  the  comparative  merits  of  central  galvanizatioOt  perip 
eral  and  general  faradization,  and  localized  gatvac^ization  of  the  oe 
centres,  in  hemiplegia,  we  should  say  decidedly  tliat  the  latter  mctl 
localized  galvanization  of  the  brain,  sympathetic,  and  spinal  cord- 
least  important.  By  itself  alone,  unaided  by  other  methods,  tt  villi 
complish  but  a  little.  It  comes  in  very  well,  however,  to  supple 
other  methods,  and  maybe  used  in  connection  with  them.  Thel 
method  of  central  galvanization,  however,  by  acting  thoroughly  aa  fht 
whole  central  nervous  system,  accomplishes  much  in  hemt|4i^ia,  m^ 
may  carry  on  the  improvement  after  peripheral  and  general  faraiiuotini 
have  finished  their  work  and  lost  their  efficacy. 

Timf  of  beginning  Treatment. — In  regard  to  the  time  of 
treatment  after  an  attack,  of  hemiplegia,  each   case   must  be  studied  I 
itself.     As  a  nde,  it  is  better  to  wait  two  or  three  weeks,  v. 
irritation  in  the  brain  has  in  a  measure  subsided.      The   . 
sally  entertained  idea,  that  it  is  better  in  all  cases  to  wail  three,  four,  i 
six  months,  until  the  muscles  have  been  long  atrophied  and  cooo 
and  the  shoulder  joint  become  perhaps  permanently  irumovable,  ! 
beginning  electrical  treatment,  is  one  of  the  most  serious  errors  of « 
therapeutics.     If  proper  caution  be  used,  it  is  never  necessary  to  i 
the  patient  at  any  stage  of  the  disease.     Cases  that  are  taken  cail|  WfJ 
be  treated  at  first  by  exclusively  localized  faradization  ;  and  aftc 
when  that  has  accomplished  all  that  it  can  and  tlie  patient 
progress,  it  may  be  well  to  resort  to  general  faradization  aod  oentdi 
galvanization.     Electrization  of  the  facial  muscles  on  the  affected  «k 
sometimes  materially  aids  the  speech,  but  it    may  cause  unpkamC 
symptoms,  and  in  the  early  stages  especially  should  be  avoided.    MtA  ' 
galvanization  may  sometimes  be  used  before  faradization  of  the  ontsda 

Accessories  to  Electrical  Treatment  of  Paralysis, — ^Thc  trcatncat  rf 
paralysis  of  all  kinds  by  electricity  may  be  greatly  aided  by  obiernig 
the  following  rules  : 

I.  llioroughly  soak  the  part  with  wann  water  before  begiomngnx*^ 
liient.     VVhun  ilii>  is  done  a  much  feebler  current  will  produce  C4MtfB^  J 
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>  and  the  contractions  will  be  more  active,  and  some  muscles  will 
iJy  contract  which  otherwise  would  not  contract  at  all, 
lie  skin  when  dry  is,  as  we  have  seen  (Electro-Physiology,  p.  183),  a 
•  conductor,  and  in  proportion  as  it  becomes  thoroughly  moistened 
in  Uial  proportion  does  its  conductivity  increase. 

t.  Relax  the  muscles  when  the  application  is  made.     The  advan- 
1i^  of  the  observance  of  this  rule  is  decided  (see  Electro- Physiology, 
.158). 
In  treating  paral)  sis  of  the  extensor  muscles  of  the  hand,  for  example, 
;  the  hand  backward  a  little  and  then  relax  the  extensor  muscles.   In 
ting  paralysis  of  the  [jeronei  muscles  of  the  leg,  raise  the  foot  so  as  to 
these  muscles  and  the   tibialis  anticus.     The  muscles  of  the  thigh 
Muosl  relaxed  when   the  patient  is  sitting,  and  most  tense  when  the 
nt  stands.     In  treating  paralysis  of  the  face,  draw  back  the  muscles 
he  alfccted  side  toward  the  ear.     Dr.  C.  E.  Detmokl  has  suggested 
use  of  a  blunt,  curved  wire.     This  wire  is  [ilaced  in  the  corner  of 
I  mouth  and  the  other  end  is  attached  by  an  elastic  to  a  curved  wire 
hind  the  ear.       This  contrivance  may  be  worn  not  only  during  treat- 
m,  but  at  night,  if  it  be  not  too  disagreeable,  and  an  hour  or  so 
ng  the  day. 

For  keeping  the  hand  raised  in  lead  paralysis,  Dr.  Geo.  Van  Bibber, 

[Baltimore,  has  devised  a  contrivance  consisting  of  Sayre's  artificial 

er  muscle  connected  by  eyelets  to  elastic  bands  attached  by  ad- 

^ve  plaster  to  the  arm  above  the  elbow  at  one  extremity,  and  at  the 

r  extremity  to  the  hand  and  fingers. 
[)r.  \ran  Bibber  has  utilized  the  same  principle  in  the  treatment  of 
sis.    In  order  10  hold  up  the  lid  he  applies  a  narrow  bit  of  adhesive 
Btcr  to  the  forehead,  and  to  the  lid  itself. 

Enlist  the  mental  co-operation  of  the  patient  in  the  treatment.  Let 
I  tiy  to  move  the  paralyzed  muscles  at  the  very  moment  that  the  cur- 
\  is  applied.  Concentration  of  will  alone  is  sufficient  to  help  par- 
Its,  as  has  been  proved  by  actual  experiment. 

Passive  movements  of  the  limbs  at  the  Joints,  massage,  and  mani- 

ation  of  individual  muscles.     The  joints  should  be  rotated  so  as  to 

nbat  the  tendency  to  stiffness  and  the  kneading  of  the  muscles  should 

J  carefully  and  thoroughly  performed,  massage  and  passive  movements 

K usually  but  half  done. 
Apply  dry  heat  to  the  affected  muscles  before  the  electricity  is  ap- 
J,  or  at  any  time  during  the  intervals.     This  can  be  done  in  various 
•ijrs.     A  good  way  to  bring  a  paralyzed  arm  or  leg  under  the  prolonged 
fiiiJucDcc   of  dry  heat  is  to  take  a  conuiion  sewer-pipe  as  sold  in  the 
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shops,  of  a  suitable  size  and  cur\'ature,  heat  it  through  in  an  oven,  < 
with  cloths  and  let  the  limb  reniain  in  it  until  the  heat  is  dissipated 
this  way  not  only  the  forearm  and  leg,  but  the  whole  arm,  including  i 
shoulder-joint  and  the  thigh  with  joint,  can  be  daily  subjectetl  to  tbel 
feet  of  the  prolonged  heat  This  treatment  not  only  temporarily  incr 
the  electro-muscular  contractility  of  the  paralyzed  muscles,  but 
nently  improves  the  nutrition  both  of  the  muscles  and  of  the  : 
joints.     Dr.  Charles  F.  Taylor  allows  his  paralyzed  patients  toi 
tlieir  paralyzed  limbs  in  a  hot  oven  arranged  for  that  purpose. 

All  the  above  suggestions  will  apply  to  the  treatment  of  evciy  ( 
of  paralysis. 

Itight  hemiplegia  coming  on  gradually ^  with  numbness  and  toldtust  in  riiU  i 
slight  aturstkdsia  of  right  hand,  and  {cnsiderable  anasth<tia  of  right  itg;  J 
diminution  cf  electro- muscular  eontraetility  in  right  Ug — GtutraJgt*,  i 
and  great  mental  depression — Important  imprat'cment  under  general  f» 
and  peripheral  galvanitatian—Sttheqvent  renewed  attack. 

Case  LXXVI.— Hon.  Mr.  G.,  aged  52,  for  many  years  United  StA!«s 
was  referred  to  us  Oct.  19,  186S,  by  Prof.  Austin  Flint.  During  the  c»cuanent  < 
the  Imjeachment  Trial  llie  patient,  whose  constitution  was  always  wppctnl  to  be ^ 
the  stronjjest,  observed  a  feeling  of  coldness  of  the  riyht  1^  at  night.  TUitC 
however,  was  not  very  marked,  since  his  attention  was  first  ctdlcd  to  the  < 
his  wife.  One  day,  while  iji  Congress,  mid  shortly  after  the  delivery  of  hit  c 
the  Impeachment,  he  experienced  a  slight  attack  of  hemiplegia,  which  he  1 
to  walk  off. 

Sefore  coming  to  New  York,  he  had  received  the  very  peniickms  advice  to  t 
vigorous  and  severe  muscular  exercise.  Acting  up>on  this  unfortttnaic  1 
had  seriously  injurctl  himself  at  the  exhausting  labor  of  chop|.>ing  wood.  llefKvd 
cidedly  worse,  and  l^camc  exccetlingly  depressed.  Under  the  advice  and  1 
administered  by  Prof,  Flint  he  had  measurably  improvetl,  and  at  the  time  »e  Sm  1 
him  there  was  a  tendency  toward  recovery.  He  complained,  however,  of 
insomnia,  considerable  gastralgia,  with  indigestion,  pain  in  the  lower  pait  of  the  t 
and  very  great  mental  depression. 

Electric  Examination. — Slight  an^estheUa  of  right  hand  ;  conaderableof  n^  I 
some  diminution  of  electro-muscular  contractility  in  the  muscles  above  the  kneeotll 
right  £iide  ;  no  diminution  of  elect ro-muscuhir  sensibility  ;  ttie  volitional  power  ofd 
muscles  was  intact,  and  the  patient  could  walk  a  considerable  distance. 

The  case  demanded  a  general  tonic  as  well  as  merely  local  treatment,  and  »ei 
ingly  used  general  fiiradizat  ion  daily,  or  every  other  day,  oocAsionAlly  making*  oe' 
galvanization.  It  was  not  long  before  improvement  was  manifest  in  all  thr  i< 
sympto.ns.  He  soon  began  to  sleep  and  to  digest  better,  and  was  mndi  1 
the  pains  in  the  back.  At  the  end  of  five  weeks  the  patient  atiandooed  tt<*tiaa(,< 
so  far  improved  that  in  the  early  part  of  December  be  resumed  his  wad  in  ( 
ond  during  the  entire  winter  continued  in  the  exercise  of  his  official  daliaL 

While  under  treatment  by  electricity,  he  at  the  same  lime  continoed  tJhe  VMSTI 
nude  of  potassium  and  otlier  internal  remedies^  with  special  refercaoe  to  the  1 
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'  of  his  stomach.  Inasmuch,  however,  as  be  had  been  taking  these  remedies  before,  and 
as  the  improvement  received  important  and  quite  rapid  accelei alien  shortly  after  elec< 
trization  was  commenced,  it  seems  fair  to  uifer  that  this  improvement  was  mainly  due 

I  to  the  latter. 

In  the  spring  following  the  patient  visited  Europe,  where,  as  we  were 

informed,  he  was  engaged  to  plead  in  a  case  at  law.     The  excitement 

brought  on  a  new  attack,  and  that  again  was  followed  by  another,  which 

[  left  him  in  a  condition  of  despondency,  from  which,  however,  he  slowly 

rallied.     He  afterwards  died,  we  believe,  of  another  disease. 

The  following  case  illustrates  the  value  of  galvanization  of  the  brain 
and  sympathetic  after  peripheral  faradization  seems  to  have  done  its 
work. 

[  HtmipUgia  oisociated  with  decided  atrophy  cf  the  leg — Rapid  increase  in  the  size  of 
the  limb  fol lowing  the  use  0/  the  localtud  and  general  faradisation  and  galvanita' 
ticn  cf  sympathetic. 

Cask  LXXVII.— Mr.  Y.,  aged  about  60,  was  sent  to  us  by  Dr,  De  Forrest  Wood- 
mfl",  September,  1869.  About  six  months  previously  the  patient  had  suffered  from  a 
fevere  attack  of  apoplexy,  resulting  in  paralysis  of  the  left  side  of  the  body.  In  four 
weeks  be  so  far  recovered  that  he  could  walk  to  a  carriage,  and  in  three  months  was 
able  to  walk  out  at  pleasure  and  unattended.  The  left  ley  had,  however,  decreased 
in  sue,  measuring  in  circumference  three-quarters  of  an  inch  les&  than  its  fellow  of  the 
I  opposite  iidc. 

Fifteen  applications  of  the  faradic  current  increased  the  circumference  of  the  limb  in 
(«ne  month  half  an  inch. 

Sub«i)ucntly  the  patient  was  still  more  improved  by  mild  ^Ivanization  of  the  brain 
I  And  cervical  sympathetic      His  capacity  for  work  increased  and  also  his  motor  power. 

The  power  and  the  limitations  of  electrical  combined  with  accessory 
[treatment  in  hemiplegia  depending  on  cerebral  hemorrhage  was  very 
[well  illustrated  by  the  case  of  the  late  Prof.  Geo.  T.  Elliott,  of  Bellevue 
I  Hospital  Medical  College.*  He  was  taken  down  with  right  hemiplegia, 
tin  the  winter  of  1871.  He  was  at  first  unable  to  move  either  the  right 
[hand  or  the  right  leg.  Three  weeks  after  the  attack  we  began  localized 
I  faradization  of  the  paralyzed  right  side — the  details  of  the  aj^plica- 
tions  being  carried  out  a  part  of  the  time  by  Dr.  C.  C.  Lee — and  he 
gradually  improved,  so  that  he  was  soon  able  to  hobble  about.  In  the 
Itreatracnl  galvanization  of  the  brain  and  cervical  sympathetic  was  altcr- 
Ipated  with  peripheral  faradization.  This  central  treatment  seemed  to  be 
service,  for  he  always  felt  lighter  and  belter  after  the  stances,  pro- 

•   While  under  treatment  Dr.  Elliott  repeatedly  expressed  the  wish  that  bis  case 
nigbt  be  reported  in  this  book  for  the  benefit  of  the  profession,  and  much  regretted 
:  it  could  not  appear  1  the  first  edition. 
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vided  very  mild  currents  were  used  Two  days  before  the  secondl 
came  on  he  was  exceedingly  hopeful,  and  said  to  us  that  be  couldj 
two  rniles.       In  connection  with  electricity,  massage  and  h^| 
injections  of  strychnine  were  used. 

hemiplegia  of  left  sidt^  of  four  montkj'  standings  comfficated  wiik  mffttUmi^ 
dtr-joinl  and  atrapky  of  muscles  of  forearm  and  emotisnai  duthr^amets  ,*  > 
ti(m  of  electr0-mus(ular  controftility  and  sensibiUty — S<fmt  imfrat 
gefurai  faratliiaiiati— Relapse,  possibly  caused  by  too  snrere  gatrmtittiimt  i 

Case   LXXVIII— Mr.  D.,  aged  60,  was  referred  to  us  Oct.  12,   tS6S^  bf] 

Isaac  E.    Taylor.      Four  monlhs  before  Ihe   patient   was  proslmteti  by  • 
apoplexy,  fromlheeffcctsof  which  he  hod  slowly  rallied.  The  attack  had  Ixrea  j 
by  severe  anxiety,  that  was  supposed  to  tw  the  leaduig  cau^  of  hi^  a/HirtMn. 
time  we  ^\tsX  saw  the  patient  he  was  confined  to  hed,  bis  left  a,rm  useless  by  fail  d 
and  only  with  great  difficulty  and  pain  could  he  forcibly  extended.      It  w  1  I 
raise  him  from  his  betl  to  the  invalid's  chair  by  its  side. 

Electric  Examination^ — Great  diminution  of  electro-mu!icularcontnictihtyiadl 
bitity  in  the  arm,  with  considerable  anx^thcsla  and  slij^ht  diminution  of  dedro-i 
lar  contractility  in  muscles  of  leg  above  the  knee  ;  but  very  little  »njt«t>Mj. 

The  extensors  aiid  flexors  of  the  forearm  were  much  atrophied,  ami  the  lib  I 
hands  prc«!cnt<^d   a  dry,  shrivelled  api>carance.     The  shoulder  joint   was  nhiredl 
with  pain  and  difficulty,  and  presented  many  of  the  features  described  in  tiwc 
Charcot  and  Hitng. 

Piychical  and  hysterical  symptoms  were  prominent,  lite  patient  bdqgf 
nervous,  somewhat  irritable,  timid,  and  so  sensitive  as  easily  to  be  mo^  M  I 
The  conjunctiva  of  both  eyes  considerably  injected,  fain  through  the  bum  uidal 
side  and  back  of  the  head  on  the  right  side  ;  very  much  constipated  ;  (air  ajij<ti«| 
difficulty  of  speech.     The  prognosis  for  recover)-  was  not  favorable 

Under  general  faradiial ion  the  patiei^t  was  temporarily  bencfitol,  and  foU 
weeks  retained  considerable  improvement.      He  was  able  to  step  with  assiaMKl}! 
more  ho^ioful ;  electro-muscular  contractility  in  left  leg  nearly   normaL     tkt  If 
resorted  to  localized  galvanization  of  the  head,  with  at   first    ne^jaiivc  ami  afto 
apparently  unpleasant  results.     That  the  galvanic  current  was  u«cd  t<Mi  ilruogocl 
long  for  the  condition  of  the  patient  we  had  some  reason   to   suspect  from  a  l 
that  occurred  Dec.  21.      The  symptoms  almost   indicated  effusion.     The  pitkn 
for  some  hours  in  a  ^mi-comatose  condition,  and  the   mu?<.lci  of  the  ifiKtol  1 
relapsed  into  their  former  condition.     He  again  somewhat  improved  uader  I 
The  following  year  the  patient  had  a  fresh  attack. 

While  hemiplegia  in  the  majority  of  instances  doubtless  dtpfl* 
on  some  serious  anatomical  lesion  of  the  brain,  it  may  occur  wiii>** 
demonstrable  organic  change.  It  is  doubtful  whether  there  can  be»«? 
serious  disturbance  of  the  functions  of  the  body  without  corTC5t>oniH 
structural  change.  Since,  however,  in  many  cases  science  utt'-lv  \hh 
to  delect  anatomical  lesions,  we  are  under  the  necessity  of  i  i 
the  old  tzxm  fun :tionaIi  as  descriptive  of  this  condition. 
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Among  others,  the  following  case  presented  an  excellent  opportunity 
of  studying  an  example  of  paralysis  from  the  foregoing  causes  : — 

Case  LXXIX. — Mr.  H.,  a  bank  president,  aged  about  45,  after  having  enjoyed 
excellent  health  previously,  and  having  ulwap  led  a  correct  life,  was  suddenly  pros- 
trated one  morning  while  dressing,  by  a  slight  sensation  of  vertigo  and  a  feeling  of 
utter  exhaustion.  In  the  course  of  an  hour  these  symptoms  were  followed  by  a  partial 
paralysis  of  the  right  side.  He  was  unable  to  walk  alone,  but  if  allowed  to  lean  on 
another  for  support,  he  could  slowly  and  with  difiiciilty  make  his  way  from  one  room 
to  another.  In  order  that  the  case  may  be  fully  appreciated,  it  will  be  necessary  to 
notice  his  physique  and  speak  briefly  of  his  past  history.  He  wxs  tall  and  very  thin, 
with  a  tendency  to  ameraia  rather  than  to  plethora.  He  had  always  enjoyed  a  Cur 
degree  of  health,  and  for  many  years  there  had  been  scarcely  a  perceptible  variation  in 
his  weight.  His  present  pciftilioii  was  not  at  all  onerous,  but  must  of  his  life  had  been 
spent  as  head  of  a  business  firwi  thai  had  taxeil  his  energies  to  their  utmost. 

For  some  months  previous  to  his  illnes  he  had  suffered  from  excessive  anxiety 
becatise  of  financial  embarrassments,  but  especially  because  of  the  inefficiency  and  care- 
lessness of  hb  son,  to  whom  he  had  intrusted  certain  details  of  business  of  much  im- 
portance. His  mental  condition  produced  insomnia  that  finally  resulted  in  a  sudden 
collapse  of  the  debilitated  nervc'centre.  An  application  of  general  faradization  caused 
immediate  but  only  temporary  increase  in  the  power  of  the  paralyzed  memlwrs,  as  may 
be  so  frequently  noticed  in  case>  of  hemiplegia  following  effusion.  On  the  succeeding 
day,  however,  very  marked  and  permanent  improvement  was  observable,  an  idea  of 
■which  may  be  conveyed  by  staling  that  he  was  able  to  do  what  before  was  impossible, 
viz.,  put  on  hLs  pants  without  assistance. 

Treatment  was  given  every  other  day,  and  resulted  in  very  rapid  progress  toward 
recovery. 

In  the  course  of  a  month  be  could  walk  with  such  ease  and  readiness  that  no  one 
would  have  supposed  that  he  was  in  any  way  disabled.  He  could  not,  however,  run 
with  any  ease  or  comfort ;  and  although  nearly  two  years  have  elapsed  since  treat- 
ment was  discontinued,  he  does  not  feel  that  he  is  able  to  engage  in  any  exercise  more 
severe  than  a  rapid  walk. 

Probable  cerebellar  paralysis  of  two  months^  standing  ;  right  leg  and  left  arm  mast 
affected — Approximn'   recovery  under  general  faradiiatian. 

Case  LXXX.— Mr,  F.  H.  C,  aged  about  50,  was  referred  to  us  by  Drs.  Purple, 
'  of  this  city,  and  Cooper,  of  Brooklyn.  The  patient,  who  for  many  years  had  attended  to 
hi*  business  affairs  with  remarkable  diligence,  and  had  uniformly  enjoyed  most  excel- 
lent health,  slated  that  during  the  last  two  years  his  strength  had  sensibly  declined. 

Some  two  months  previously,  while  in  a  stooping  position,  he  wac  suddenly  seized 

with  vcrtiijo,  together  with  an  appreciable  loss  of  power  in  the  right  leg  and  left  arm, 

and  miirke«l  anaesthesia  in  the  right  foot.      There  was  a  feeling  of  heat  and  heaviness 

in  the  region  of  the  cerebellar.     Several  recurring  attacks  induced  his  physicians  to 

L  submit  the  patient  to  our  care. 

Nov.  33,  1869,  the  patient  received  his  first  application  of  a  mild  faradic  current  to 
I  the  head,  neck,  spine,  and  extremities.  At  this  date  he  was  quite  weak  and  remarka- 
I  bly  nervous. 
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No  special  improvement  was  noticed  after  the  fint  and  second  appUcatlaB%  lot  v" 
third  resulted  in  a  sensible  decrease  in  the  intensity  of  (he  aiuestheaia,     £«cf7  ssccwl- 
ing  application  imparted  strength  to  his  limbsand  improved  his  generid  coadkiOi^aA 
in  two  months  he  had  approximately  recovered. 

Glosso-laryngeal  Paralysis  {Giosso-pharyngeai  Paralysis). — ^The  < 
tinctive   features  of  this  affection  are    paralysis   of    the    muscltt  | 
the   tongue,    hps,    soft  palate,    and  also  of  the   pharv^nx  and 
Thert:  is  difficulty  both  in  speaking  (especially  in   pronouncir^g 
letters)   and   swallowing.     The    saliva  dribbles.      Food   is    sou 
forced  into  the  nostrils  or  larynx.    In  the  last  stage  there  is  del 
difficulty  of  respiration. 

Prognosis. — This  disease  is   believed  to  be    surely    fatal  m  ' 
months.     Faradization  of  the  pharynx  and  tongue  is,  however,  of  < 
lial  service  in  occasionally  relieving  the  difficulty  in   deglutition,  oA 
also  some  of  the  other  symptoms. 

Glosso-pharyngeal  paralysii  of  ninf  months'  standing — Gr-tai  difficuity  tn  tft^ 

and  rwallcnmng — Temporary  and  decided  improvemml ^rr  /jirj/i'urtia  | 

galvannatipft  of  the  affected  parts. 

Case  LXXXL — Mr.  K.,  aged  43,  a  short,  stubby,  plethoric  German,  t€ma^aAm 

May  18,  1S67,  with  marked  and  typical  symptoms  of  gloao-phitryngeal  pon^nk  Hi 
difhculty  of  speech  was  very  great,  and  any  attempt  to  read  was  exceedingly  U»Scra« 
His  especial  difficulty  was  in  pronouncing  certain  vowels,  as  a,  u.  In  caltHiL  p*«nr^ 
of  food  were  thrown  up  in  the  upp>er  and  piosterior  [laryngeal  Race,  #f  I  |«qqrH  MM^ 
limes  were  expelled  through  the  nostrils. 

The  patient  referred  the  beginning  of  his  symptoms  to  a  very  scvqg  cold. 

Three  localized  faradizations  were  followed  by  mani/cst  imprurement  la  itiOit  if  tJi 
symptoms,  and  especially  in  the  swallowing. 

May  29»  galvanization  was  commenced,  and  was  continued  with  still  fnrtber  ■ 
ment  both  in  speaking  and  swallowing. 

Of  the  issue  of  the  case  we  have  never  heard. 

Chfso-pharyMgeal  paralysis,  vritk  Jumiplegia  of  left  sieU  0/  tkrtt  ytmr-f  i 
Ckronie  pharyngitis — No  imprffvement  under  a  ahort  court*  &/ 

Case  LXXXII. — Capt.  George  H.,  aged  55,  consulted  us  on  Oct.  15,  IJ64  ««* 

symptoms  of  hemiplegia  and  glosso-Iabtal  paralysis.  Certain  letters,  as  h,  tn,hicaM 
not  articulate,  and  conversation  was  a  matter  of  considerable  ctifiicttlty.  He  €i^ 
walk,  but  needed  a«>bt3nce  in  ascending  stairs  or  cro-ssing  streets, 

Tlie  accompanying  symptoms  were  in  everyway  discouraginfr.  TlicMtkat** 
ftartially  insane.  Naturally  kind  and  genial,  he  had  become  excesi{v«|y  juiutir  tft 
inconsiderate  ;  was  at  times  impatient  and  violent. 

Localized  and  general  faradi7.ation,  attempted  for  a  short  tiioe,  proved  of  avvni^ 
and  the  patient  was  not  encouraged  to  continue  treatment.  We  afterwafli*  fax*^ 
that  his  symptoms  gradually  became  wor!«,  in  spite  of  various  hrdromtlMCkl 
and  other  methods  of  cure  that  he  attempted,  and  in  three  years  he  died. 
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We  do  not  presume  to  say  that  the  case  that  immediately  follows  was 
one  in  which  there  had  been  any  decided  atrophy  of  nerve  tissue,  and 
yet  all  the  sjTnptoms  of  which  the  patient  complained  were  of  the  most 
persistent  and  distressing  type,  and  seemed  to  point  unmistakably  to 
structural  lesion.  If  there  was  no  decided  structural  change  present 
in  the  motor  roots  of  the  upper  portion  of  the  cord,  as  the  immediate 
effects  of  the  treatment  would  seem  to  indicate,  the  case  affords  an 
instructive  illustration  of  those  purely  functional  conditions  that  occa- 
sionally simulate  with  such  exactness  incurable  diseases  of  organic 
origin. 

Eapid  recovery  of  a  supposed  case  of  giosso-iaryngeai  paralysis  of  tkret  years'  stand' 
ing  under  galvanitation  of  the  neck  and  upper  portion  of  t/u  cord. 

Cass  LXXXIII. — Mr.  P.,  a  gentleman  aged  45,  was  sent  to  us  by  Dr.  James  Ander- 
son. Some  three  years  previously  the  patient  had  first  observed  a  slight  sense  of  stiffness  in 
the  tongue,  associated  with  a  feeling  of  constriction  in  the  pharynx  and  larynx.  Occa- 
sionally his  speech  became  thick  and  hoarse  ;  some  words  were  pronounced  badly,  and 
he  found  it  difficult  to  contract  the  lips.  At  such  times  oartial  aphonia  was  present,  and 
when  he  attempted  to  converse,  the  effort  was  attendee  with  a  degree  of  discomfort  if 
not  pain.  For  several  months  these  symptoms  had  remained  stationary,  with  the 
addition  only  of  some  little  weakness  of  respiration. 

Finally,  however,  he  noticed  some  difficulty  in  tbe  act  of  deglutition^  which  in  the 
course  of  a  few  weeks  so  markedly  increased  as  lo  threaten  suffocation.  He  dreaded 
every  attempt  at  eating,  and  frequently  in  the  place  of  his  regular  meal  he  would  take 
a  considerable  quantity  of  brandy,  the  stimulating  effects  of  which  would  often  tempo- 
rarily seem  to  restore  jwwcr  to  the  diseased  parts.  For  more  than  two  years  this 
patient  had  suffered  in  this  way.  Although  he  had  unceasingly  sought  relief,  every 
method  that  he  attempted  signally  failed  to  afford  the  slightest  service.  On  applying 
for  electrical  treatment,  we  at  once  submitted  liim  to  a  mild  stance  of  central  galvani- 
zation, after  which  a  current  of  somewhat  greater  strength  was  as  nearly  as  (possible 
localijcd  in  the  upper  portion  of  the  cord  and  its  motor  roots.  This  accomplished 
nothing,  and  as  the  patient  gave  evidence  of  being  decidedly  unsusceptible  to  ordinary 
electrical  influences,  we  attempted  at  the  second  stance  to  localize  in  the  supp>osed 
aeat  of  the  disease  a  current  from  1 5  cells,  gradually  increasing  it  to  25  cells. 

Considerable  vertigo  with  slight  spasmodic  contraction  of  the  larynx  followetl,  last- 
ing several  minutes.  On  the  following  day  he  reported  that  he  was  able  to  eat  with 
markedly  increased  comfort,  and  that  during  the  intervals  of  eating  he  felt  completely 
recovered.  Eight  similar  applications,  but  with  gradually  decreising  strength  of  cur- 
rent, were  followed  by  complete  recovery.  In  a  few  months  he  suffered  a  slight  relapse 
from  w^hich  he  speedily  recovered  by  a  short  course  of  treatment.  Two  years  have 
elapsed  since  the  treatment,  and  the  patient  continues  well. 

Paralysis  of  the  muscles  of  the  neck  and  chin  with  dysphagia — Not  treated. 

Case  LXXXIV,— Mr.  L.,  aged  60,  referred  to  us  by  Dr.  E.  R.  Peaslee,  was  par. 
alyzed  in  the  mu«<:Ies  supporting  the  head  and  chin  ;  dysphagia  was  marked,  anddeglo* 
tUion  was  so  much  impaired  that  eating  was  attended  with  much  difficulty, 
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Oor  diagnons  was  central  lenon,  the  chief  expression  of  which  was  Atropl^  i 
the  motor  roots.     We  were  pennitted  to  use  the  gaivanic  carrent  bat  tboal  I 
times. 

No  benefit  was  derived,  but  a  further  trial  might  have  alleviated  the 
Kunewhat. 

Paralysis  of  Spinal  Origin — Paraplegia. — The  exact 
diagnosis  of  the  various  morbid  conditions  of  the  spinal  cord  i 
rise  to  paraplegia  is  sometimes  a  matter  of  considerable  difficulty,  J 
for  these  two  reasons  : — 

I-  All  known  morbid  conditions  of  the  cord  have  more  or  less  j 
toms  in  common.     In  order  that  any  of  them  may  be  of  special  ( 
uoslic  value,  it  is  necessary  that  they  should  be  taken  in  connedk 
with  other  symptoms. 

2.   Many  of  the   morbid  conditions  of  the  cord  are  complicated  \ 
each  other,  and  the  symptoms  must  be  correspondingly  compleit. 
meningitis  may  exist  with  myelitis,  and  the  terra  myelitis  itself  is  4  ( 
of  which  there  are  several  species.     It  is  difficult  to  draw  the  line  i 
irritation  ends  and  congestion  begins,  and  equally  difficuU  to  dctermiDc| 
at  what  stage  a  condition  of  hyperiemia  or  congestion  becomes  a  CO 
dition  of  inflammation. 

Electro-Diagnosis. — In  the  early  stages  of  spinal  paraplegia  the  ( 
vanic  and  faradic  reaction  may  be  normal,  but  in  the  course  of  a  fc*l 
weeks  or  months  becomes  diminished.  In  most  of  the  cases  lhaicofr| 
suit  the  physician  there  is  diminished  or  destroyed  electro-rausculax  ct«»  J 
tractility. 

Electro-muscular  sensibility  is  usually  more  or  less  diminished. 
tro-muscnlar  contractility  is  usually  much  more  diminished  in  the! 
forms  of  paraplegia  than  in  hemiplegia.     In  cases  where  the  posia 
columns  arc  affected  electro-anaesthesia  may  also  exist. 

Treatment. — In  hemiplegia,  as  we  have  seen,  the  electrical  treatrocnl  ol 
substantially  the  same  whatever  the  nature  or  scat  of  the  cerebral  le«*| 
Similarly  in  paraplegia  the  treatment,  so  far  as  electricity  isconccn»c4*j 
the  same,  whatever  be  the  nature  of  the  spinal  lesion  on  which  the  |**| 
plegia  depends.  Sjnnal  paraplegia  should  be  treated  by  galvanizatiooofi 
the  spine,  and  peripheral  faradization  or  galvanization;  to  dcpei><l*| 
one  method  solely  is  unnecessary.  In  paraplegia  the  « T 
contractility  is  frequently  so  much  diminished  that  it  is  n 
particular  attention  to  the  motor  jroints  in  order  to  produce  contrictio»| 
Whether  general  faradization  and  central  galvanization  l>c  cmj'l 
will  depend  on  the  general  condition  of  the  patient.  In  the  < 
subacute  stage  the  seances  should  be  short;  in  the  chronic  sta^l 
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stances  may  sometimes  be  more  protracted.  In  many  incurable  cases 
the  general  tonic  effects  of  general  faradization  alone  are  of  very  great 
service. 

Prognosis. — Nearly  all  cases  of  spinal  paraplegia  can  be  benefited 
by  electrical  treatment,  but  very  few  can  be  entirely  or  permanently 
cured.  We  may  look  for  perfect  recovery  in  some  cases  that  are 
taken  early,  and  in  cases  that  depend  on  hysteria,  congestion  of  the  cord, 
or  exhaustion.  Cases  of  myelitis,  meningitis,  and  non-inflaminatory 
softening  are,  as  a  rule,  but  little  benefited,  although  they  may  some- 
times improve  quite  rapidly  under  electrical  treatment  up  to  a  certain 
point. 

Paraplegia  resulting  from  anterior  spinal  sclerosis,  with  debility ,  insomnia,  anamia^ 
dysphagia — Improvement  of  nearly  all  the  symptoms  under  general  and  localited 
faradization  and  localised  galvanisation — Relapse^  and  again  improz'ement  under 
the  same  treatment, 

Ca.sk  LXX.W.— Mrs,  D.,  aged  51,  married,  was  referred  to  us  by  Prof.  JohnT 
Metcalfe,  on  Oct.  tl,  x868.  For  two  years  she  had  been  afflicted  with  paraplegia, 
vrhich  was  preceded  by  loss  of  oontrol  over  the  rectum,  anil  which  was  brought  on  by 
exluustion  tncicienl  on  loss  of  sleep  and  over-exertion  in  attendance  in  the  sick-room. 
She  coald  walk  a  short  distance,  but  ascending  stairs  was  very  difficult.  Among 
I  the  Accompanying  symptoms  were  umpleasant  dysphagia,  insomnia,  very  feeble  appe- 
tite and  digestion,  and  poor  circulation — in  short,  general  functional  debility.  The 
I  patient  could  not  walk  at  all  in  the  dark.  There  was  no  jmin  in  the  back,  but  a  con- 
stant feeling  of  weakness.      No  feeling  of  constriction. 

Electric  examination  showed  a  considerable  loss  of  electro-muscular  contractility  in 
I  the  affected  limbs,  but  no  anaesthesia. 

Before  consulting  us  she  had  received  positive  benefit  from  general  faradization.  We 
employed  for  three  months  general  faradization  and  galvaniiation  of  the  spine,  and  at 
6rst  with  benefit.  The  patient  hoped  for  a  complete  and  permanent  cure.  In  this 
respect  she  was  disappointed.  Although  her  sleep  improved  immediately  after  the  em- 
ployment of  general  faradization,  and  although  her  strength  much  increased,  yet  the 
power  of  walking  was  increased  only  to  a  certain  degree,  which  under  further  treat* 
ment  it  seemed  unable  to  pass. 

The  patient  retained  her  improvement  for  several  months  j  but  in  the  following 
autumn  was  again  somewhat  prostrated,  and  again  received  the  same  treatment,  to> 
gcthcr  with  galvanltation  of  the  spine,  and  with  substantially  the  same  resulL 

In  the  above  case  there  were  three  points  of  interest 

1.  General  faradisation  was  more  beneficial  than  galvanization  of  the 
spine^  although  the  spine  was  unquestionably  the  seat  of  the  disease. 

2.  The  patient  seemed  in  a  tneasure  dependent  on  the  tonic  influence 
of  electrization,  since  it  operated  more  rapidly  and  more  powerfully  up 
to  a  certain  point  than  any  internal  medication  which  she  had  faithfully 
Hied. 
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3.  The  case  illustrates  the  limitation  of  c 
trical  treatment  in  many  cases  of  organic  s[ 

Paralysis  resulting  from  anterior  spinal  sderesis 
great  dyspepsia  and  debility — Suiceptibtliiy  lo^ 
first  under  electri%ation,  ■ 

Case  LXXXVL— Mre.  B.,  a  married  lady  of  midd 
flicted  with  paralysis  of  left  leg.  The  pwilient  was  of  an 
ttted  her  condition  to  overwork  and  anxiety  attend 
tertaining  company.  At  the  time  we  saw  her,  Feb 
walk  only  with  difficulty,  and  her  vitality  was  feeble, 
and  was  three-fourths  of  an  iiich  smaller  than  the  ot 

EUitric  examination  showed  loss  of  clectro-mus 
limb.  A  strong  faradic  current  Ijcalited  in  the  spi 
the  knees,  -which  lasted  for  several  day i.  This  ^ 
marked  a  degree  in  no  other  case.  fl 

The  patient  was  exceedingly  constipated,  and  wk 
jections.  At  various  times  there  had  been  a  feeliii| 
the  time  we  saw  her  there  was  no  spinal  tendeme 
pwplic  and  feeble. 

Treatment  by  general  faradization  previously  ( 
sia  and  improved  her  general  condition. 

On  account  of  the  peculiar  susceptibility  of  1 
after  a  few  trials. 


Paraplegia  dependent  on   meningitis    and  mfoB^ 
control  over  bladder — Bh 

Cask  LXXXVII.— Mr.  C,  aged  28,  was  sent  to 
Wey,  of  Elniira.  The  history  of  the  patient  was  that ; 
in  the  army,  when  in  the  act  of  swinging  an  axe. 
Shortly  after  came  a  diarrhoea,  with  pain  in  the  cal 
desire  to  urinate,  with  inability,  then  pain  and  stiffnt; 
ftttd  weaker,  and  for  two  years  was  confined  to  H 
of  former  bed-sores.  ^| 

Electric  Examination, — Great  anesthesia  of  the 
tro-mu5cular  contractility,  and  considerable  ansestl 
urine  was  continually  dribbling,  so  that  the  patient  \ 
disks. 

The  patient  could  walk  only  with  the  aid  of  < 
faradization  and  localized  galvanization.  After  i 
improved.^ 

There  was  no  improvement  m  the  condition  < 

In  the  above  case  there  was,  as  soraetimi 
elitis,  disease  of  both  the  posterior  and  1 
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Spinel  hemorrhage^  resulting  in  paraplegia,  with  profound  anasthesia  of  ike  lege 
and  absence  of  electro^muscular  contractility  below  the  knee* — Improvement  and 
approximate  recotvry. 

Case  LXXXVIII. — L,  F.,  a  gentleman  aged  about  60,  was  seen  by  invitation  of 

Dr.  S.  T.  Hubbard.  The  patient  was  suddenly  prostrated  while  in  his  office  by  an 
attack  of  spinal  apoplexy,  and  during  the  several  weeks  that  had  elapsed  before  he  fell 
under  our  observation,  the  muscles  of  the  tiiighs  and  l^s  had  become  decidedly 
atrophied  and  flabby. 

Control  was  partially  lost  both  of  the  blatlder  and  rectum.  The  legs  were  pro- 
foundly aoDcsthetic,  find  below  the  knees  there  was  an  entire  absence  of  electro-muscu- 
lar contractility. 

The  use  of  both  the  galvanic  and  faradic  currents  for  several  weeks  appreciably 
relJeve<l  the  anaesthesia,  an-J  approxim.iteIy  restored  the  electro- muscular  contractility. 
The  electricity  was  diM:ontinued,  but  the  patient  improved  in  strength,  probably  aa 
the  spinal  effusion  absorbed,  and  in  a  number  of  months  was  able  to  walk  by  the  aid 
of  a  caneL 

Peripheral  Paralysis. — k  true  peripheral  paralysis  manifestly  excludes 
all  lesions  or  influences  of  a  centra!  origin.  The  cause  must  be  sought 
for  in  some  portion  of  the  nerve-tract  after  it  has  emerged  from  the 
bones  that  enclose  the  nervous  centres. 

The  principal  causes  of  peripheral  paralysis  are  : 

1.  TTie  action  of  cold  on  the  superficial  distribution  of  nerves. 

2.  External  injuries. 

3.  Pressure  on  a  nerve  from  morbid  growths^  etc. 

4.  Destruction  of  a  nerve  by  carious  tone^  etc. 

Facial  Paralysis, — The  most  prominent  form  of  peripheral  paralysis  is 
that  of  the  seventh  pair  of  nerves.  The  symptoms  of  facial  j)aralysis  vary 
not  only  as  its  cause  is  central  or  peripheral,  but  also  according  to  the  por- 
tion of  the  nerve  affected.  Paralysis  of  the  seventh  pair  without  coinci- 
dent paralysis  of  an  arm  or  leg  seldom  results  from  cerebral  hemorrhage. 
It  may  occur,  however,  but  it  may  be  readily  distinguished  from  the 
peripheral  form  of  the  affection.  In  cornplete  facial  paralysis  of  peri- 
fheral  origin  the  orbicularis  palpebrarum  muscle  is  paralyzed^  ana 
the  eye  cannot  be  entirely  closed ;  while  if  the  cause  is  central  this  mus- 
cle is,  as  a  rule,  unaffected^  and  the  eyelids  can  be  brought  together. 
In  some  exceptional  cases  ascertain  lesion  may  paralyze  the  orbicularis 
muscle,  while  occasionally,  in  peripheral  facial  paralysis,  the  nerves 
that  supply  the  muscles  of  the  eye  may  escape,  thus  leaving  it  free  to 
close.  The  fact  that  in  facial  paralysis  of  central  origin  the  electro- 
inuscular  contractility  is  unimpaired,  while  if  the  nerve  itself  is  the  seat 
of  the  injury  the  muscles  refuse  to  respond  to  either  current,  materially 
aids  us  in  diagnosis. 
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^idtp-Diagnosis. — In  facial  paralysis  of  a  peripheral  origin,  \ 
muscular  contractility  is  usually  diminished   or  lost  ;  gA 
■  contractility  may  be  increased  or  normal  ;    though  in 
cases  it  may  be  diminished,  it  is  rarely  lost.     Facial  paralysis  is  onej 
Ihr  conditions  in  which  the  difference  between  the  two  currents,  in  i 
power  of  producing  contractions  of  muscles,  is  typically  shown. 
gihraiMMnuscular  contractility  sometimes  becomes  so  much  in 
liiAt  when  the  farado-nuiscuiar  contractility  is  entirely  abolished,  i 
Aseased  muscles  respond  to  a  much  feebler  galvanic  current  than  j 
necessary  to  produce  contractions  on  the  healthy  side.    As  the  i 
resume  their  normal  condition  under  treatment,  the  galvano-mu 
contractility  dianinishes. 

Fregnosis. — ^Tbe  prognosis  of  facial  paralysis  of  a  peripheral  origio  j 
generally  very  ^vorable.    Few  forms  oi  paralysis  yield  so  surely  as  \ 
provided  the  electrical  treatment  be  used  with  sufficient  per& 

Treatment. — Facial  paralysis  should  be  treated  by  localized  faradlE 
tion  and  galvanization.  When  the  muscles  fail  to  respond  to  the  1 
die  current  it  is  of  but  little  worth  to  use  it ;  it  is  far  belter  to  dtp 
on  the  galvanic  current.  In  this  disease  the  current-reverser  «;lcctr( 
is  exceedingly  convenient.  A  current  just  sufficient  to  proilucc  C(r 
traction  of  the  muscles  is  better  than  stronger  currents,  and  shoit  \ 
piiaiLtions  are  preferable  to  long  ones. 

9^cM paralysit  from  exposure  to  cold — Lass  0/  ccntractility  ta  farodu  cwrrtnt- 
pravetmnt  under  the  gah>anU  current. 

CUX  LXXXIX. — Miss  P.,  a  stout,  vigorous  young  Udy  of  15,  w»s  «rnl  <o«5ll 
Vu  F.  BUiott,  to  be  treated  for  paralysis  of  the  seventh  pair,  on  the  left  side,  < 
^  aqxware  to  a  draught  of  air  two  months  previous.    The  paralytic  vjmpsamkt 
<a,«Alcaly  and  in  full  Torcc  immediately  after  the  exposure,  and  at  first  ilbc  < 
«MDiioaBsid<rrabledii!iciiUy  in  speaking. 

^ktcndually  Ixxame  ki  accustomed  to  the  abnormal  condition  of  her  fipsaali 
IIM  site  was  able  to  converse  almost  olc;  clearly  as  t}erore  :  but  the  iraprorttncnl  (Bd 
mgrftalNI  of  the  jiaralyted  muscles  was  very  slow,  and  at  I  he  time  she  came  to  wO 
aHMiim  appcarcil  to  be  abnost  stationary.     At  tKe  lime  she  reccivetj  the  fir><  1 
ooiuA  at  oar  hands  (Aug.  1,  1S62),  she  presented  most  of  the  usual  syaptooKl 
pMiri)ieii»  «af  ibe  seventh  pair. 

Hm  WPOth  was  drawn  over  towards  the  healthy  side  so  violently  as  to  prodBS*' 
iMnMiilft  Jefionnity  when  she  lauglied  or  conversed,  and  even  when  she  smilel 
^h^Ha^ftoii  to  I'rown,  the  left  brow  remained  a?  smooth  as  that  of  a  chiliL 

Him  taft  «y«  Mikd  up,  and  when  she  attempted  to  close  it,  the  lids  woal>l  Rol  < 
■M^^MMW  liua  ooC'quartcr  of  an  inch  to  each  other.     K  powerful  faradic  < 
|^m|)[^  iA  t)ie  alfected  muscles,  produced   very   feeb**      *  imperfect   coattactiB"'^^ 
^^Il4^^jj^  hhuhI  ade  a  very  mild  current,  applied  wi  «  the  hand,  pn^lucvi  ' 
kol  all  the  iviocipal  tnusclesw    The  patient  was  so  well  in  all  other  r 
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that  wc  decided  to  use  only  partial  or  localized  elcctrifatioD  over  all  the  muscles  on 
the  left  side  of  the  face.  Two  vigorous  applications  made  in  this  way.  one  electrode 
being  placed  firmly  in  front  of  the  ear,  and  the  other  passed  over  the  ramifications  of 
the  seventh  pair,  as  well  as  over  the  individual  muscles  Jid  not  seem  to  iucrcasc  to  auy 
uppreciabte  extent  the  electro-muscular  contractility,  and  accordingly  we  resolved  ta 
adopt  an  entirely  different  method  of  warfare. 

The  next  time  wc  locali2ed  the  galvanic  current  through  the  left  side  of  the  face, 
I  with  the  best  results.  Contractions  of  the  paralyied  muscles  were  at  once  pro- 
duced that  were  as  vigorous  and  as  natural  as  those  caused  by  the  fara^Uc  current  on 
the  healthy  side,  and  by  a  current  that  had  no  effect  on  the  healthy  side. 

The  patient  began  at  once  to  improve,  and  after  ten  visits,  distributed  over  a  period 
of  six  weeks,  she  was  dismissed  x«i  approximately  cured.  There  still  remained  some 
deficiency  of  action  of  the  muscles  concerned  in  frowning  and  in  winking,  but  the  ex- 
pression of  her  face,  botii  in  repose  and  in  conversation,  was  nortaal. 

The  interesting  points  in  tliis  case  are  these  : — 

First. — ^The  galvanic  current  produced  contractions  and  wrought  a 
cure  when  the  induced  or  faradic  utterly  failed. 

Second. — The  paralyzed  muscles  were  at  first  brought  to  contraction 
by  a  galvanic  current  that  had  no  effect  whatever  on  the  muscles  of  the 
healthy  side.  As  the  patient  improved,  however,  it  became  necessary 
to  use  a  stronger  galvanic  current  in  order  to  produce  the  contractions. 
Towards  the  close  of  the  treatment,  the  muscles  of  ihe  paralyzed  side 
began  to  respond  to  the  faradic  current. 

That  the  faradic  current  may  sometimes  work  well  in  facial  paralysis 
is  shown  by  the  following  case  : — 

l*4rtiod  faraiysis  of  the  right  side  of  the  fate,  with  contract  ion  of  muscles  following 
neural guj — Apprcximate  recovery  under  localized  far  adUation. 

Case  XC. — Miss  J.,  aged  40,  came  to  us  in  the  early  part  of  September,  1868, 
to  be  treated  for  a  facial  paralysis  of  a  peculiar  character.  Her  face  was  drawn  to 
:hc  right  side,  so  that  her  features  were  very  much  distorted.  We  at  first  supposed* 
and  very  naturally,  that  the  case  was  one  of  paralysis  of  the  seventh  pair  of  the  left 
nde,  but  a  more  careful  examination  led  us  to  morlify  our  diagnosis. 

Her  history  was  as  follows :  Several  years  before,  while  occupied  in  a  day  and  night 
mttendance  at  the  bedside  of  a  sick  friend,  she  was  suddenly  attacked  with  severe  facial 
neuralgia  of  the  right  side,  that  continued  to  annoy  her  for  two  months.  The  disease 
then  abated,  but  since  tlrnt  time  slie  had  been  frequently  harassed  by  persistent  numb- 
ness in  the  right  arm  and  hand. 

On  localizing  a  strong  faradic  current  throagfa  the  muscles  of  the  left  side  of  the 
I  fiwie,  powerful  contractions  were  excited.  On  the  rigkt  side  no  such  efTcct  could  be 
I  produced. 

Furthermore  her  right  eye  was  nearly  closed,  owing  to  a  partial  ptosis,  and  while 
she  could  easily  frown  and  corrugate  the  left  brow,  the  right  was  entirely  smooth  and 
expressionless.  It  was  very  evident,  both  from  the  history  of  the  case  and  from  5)-mp> 
toms  at  the  time,  that  the  right  side  was  paralyzed,  and  not  the  left,  as  at  first  ap> 
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peared,  and  that  the  face  was  drawn  towards  the  right  by  the  coDtractSoos  cf  tltt  i 
cUs  fottirtoing  the  paralysis^ 

Trousseau  has  <Jescribed  this  condition  so  accurately  that  we  quote  his  own  1 
as  it  appears  in  the  tran^^lation  of  Bozaire.* 

After  relating  the  symptoms  of  a  patient  suffering  from  paralysis^  he 
left  facial  paralysis  was  thought  of  at  first  sight,  the  depression  of  the  lo«r<r  i»U  i 
the  less  marked  expansion  of  the  nobtril  on  the  right  side,  were  already  su&ictf  ta ' 
cause  a  modification  of  the  diagnosis.  But  when  the  patient  attempted  to  motetltf 
side  of  her  face  there  could  no  longer  be  any  hesitation,  and  it  became  maaifei  ikt 
it  was  the  right  side  which  was  affected.  When  she  spoke,  and  still  mure  «bai  ^ 
laughed,  her  face  was  pulled  with  force  to  the  left,  the  upper  lip  and  theiUiMM 
that  side  going  obliquely  upwards,  and  the  labial  commissure  Ixring  drawn  w«liie<» 
siderable  energy  upwards  and  outwards.  When  she  attempted  to  blow,  her  left  cieei 
swelled  and  her  mouth  remained  closed  on  that  side,  whilst  her  ri^hi  cheek  wai  (Uaal 
and  her  mouth  opened  out  a  little  on  that  side.  Besides,  she  could  not  shot  her  is|it 
eye,  however  much  she  tried." 

In  this  case  we  used  only  the  faradic  current,  localizing  the  electricity  usosIts 
possible  along  the  course  of  the  portio  dura  and  its  ramifications.  To  accomcdu^  tib 
the  small  positive  electrode  was  pressed  firmly  on  the  point  wliere  the  ocf«  aaerfa 
from  the  lem|x>ral  bone,  while  the  negative  was  moved  along  tta  various  toaiM 
branches. 

No  particular  results  were  obtained  from  the  first  application,  but  d«iirt£ the  «eaa£ 
visit  slight  contractions  were  produced  on  the  right  side,  and  it  was  then  noticed  ll^ 
the  eyelid  did  not  fall  so  low  as  before. 

In  the  course  of  a  few  days  the  patient  again  visited  us,  when  the  improvesMat «» 
quite  marked.  There  was  considerable  relaxation  of  the  contracted  musde^  oil  tk 
electro-muscular  contractility  was  readily  demonstrated.  At  the  fourth  viaf  i 
occurred  about  two  weeks  from  the  commencement  of  treatment,  the  ptosis  was  1 
noticeable,  and  the  power  of  corrugating  the  occipito-fronialts  on  the  riiHu  \ 
perfect.  There  still  remained,  however,  some  distortion  of  the  features  n^tiytwlk 
obstinate  nature  of  the  muscular  contractions,  and,  although  the  sul><«ntiendf  i 
quite  a  numher  of  applications,  the  contraction  was  not  so  entirely  dtskimlcil  I 
all  the  other  symptoms.  But  the  amelioration  was  so  complete  that  the  t 
tittle  noticed,  and  ceased  to  give  her  any  considerable  onnoyanoe. 


iXoubU  facial  paralysis — Probably  raultimg  from  syphiUiif  hsi»m  in  tki  ea^twift^ 
nerves— -No  imprm.'ernent  under  localited  faradixatU^n 
Case  XCI.— Mr.  M.   was  referred  to  us  by  Prof.  A.   Clark.      \r\  the  nw«t=  e 
March,  1S62,  during  the  retreat  of  the  Confederate  array  from  Kentucky,  thhe«tf*'| 
man,  after  prolonged  exposure  to  cold  and  wet,  was  attacked  with  fadal  i>i  in^j^  1 
Previously  he  had  been  so  unfortunate  as  to  contract  sy-phtlis,  which  ikad  i<iBiti 
the  secondary  stage ;  but  for  several  years  he  liad  been,  to  all  aptwanuKTs  «n 
free  from  the  (Fcfeo^e.  This  attack  of  neuralgia  was  followed  by  partial  yr^tAi^t**  I 
right  side  of  the  face.     The  neuralgia  persisted  until  July,  but  the  paralrM*  Im  «■*' 
tinued  a>nstant  until  the  present  time.     In  January,  1S66,  he  had  a  reueviJ  W  ti* 
neuralgia,  which  this  time  attacked  the  left  side  of  the  face.     It  wasof  aa  fiHi !■>"** 

♦  Lectures  on  Clinical  Medicine,  Part  II.,  pu  jaa. 


PARALYSIS  FROM  PRESSURE  AND   COLD.  523 

type,  and  on  tbe  a5th  of  Marcli,  withoat  a  premonitory  symptom,  and  when  he  was 
entirely  free  from  pain,  the  left  side  of  the  face  became  complclcly  paralyzed.  He 
gradually  lost  the  sense  of  hearing,  and  in  two  weeks  was  absolutely  deaf.  When  brought 
to  tis  for  treatment  he  was  suffering  from  paralyas  of  the  whole  face. 

He  was  unable  to  close  either  eyelid,  could  neither  elevate  the  eyebrows  nor  frown. 
He  had  but  little  control  over  the  moutii,  and  as  a  consequence  bis  speech  wais  very 
imperfect.  "The  motionless  face  assumed  a  peculiar  aspect,  and  looked  like  atifelest 
mask,  on  which  the  impressions  of  the  soul  were  no  longer  expressed  but  by  changesof 
color."  We  had  but  little  hope  of  benefiting  him,  nor  were  wedisapix)intcd  ;  for,  after 
■  month  of  faithful  and  hopeful  perseverance  on  the  part  of  the  patient,  not  the  tJighf- 
est  improvement  was  observed.     The  galvanic  current  was  not  used 

Facial fttralysis  exiiling  tkrte  weeks— Approximate  recovery  foUows  three  apptica- 
tioHJ  of  the  faradic  current. 

Case  XCH.— Mr.  C,  aged  35,  a  patient  of  Dr.  Joseph  Worsler,  had  been  afflicted 
for  three  weeks  with  paralysis  of  the  seventh  pair,  of  the  right  side. 

The  patient  complained  of  a  peculiar  tingling  and  occasional  numbness  in  the  hands 
and  feet  that  we  regarded  as  an  indication  of  slight  central  dislurl)ance.  Id  all  other 
respects  his  health  was  excellent.  A  local  applicvtion  of  the  faradic  current  resulted 
in  immediate  benefit,  and  two  more  stances  were  followed  by  approximate  recovery. 

The  following  is  one  of  tbe  very  few  cases  of  facial  paralysis  that  do 
not  recover  under  persistent  treatment  by  electricity  : — 

J*artial facicU  paralysis  affiveyeari  stantiing — No  permanent  benefit  from  eiectri- 

tation. 

Case  XCIII.— Rev.  Mr.  M.,  some  five  years  before  he  fell  under  our  observation, 
Isecame  completely  paralyzed  in  the  left  side  of  the  face  after  long  exposure  to  cold. 

The  part  improved  gradually,  and  in  a  month's  time  he  was  considered  almost  well. 
The  face  still  continued  to  be  drawn  slightly  to  one  side,  but  the  deformity  was  hardly 
ot»9ervablc  without  an  attempt  was  made  to  laugh.  The  eyelids  of  the  affected  side 
did  not  completely  approach  each  other.  Nature  having  accomplished  so  much,  re- 
fused to  do  more,  and  for  five  years  no  advance  had  been  made  towards  recovery. 

Electro-muscular  contractility  under  the  influence  of  both  the  faradic  and  galvanic 
currents  was  perfect,  and  yet  their  persistent  use  was  of  absolutely  no  permanent  ser* 
▼ice. 

For  a  day  after  the  applications  the  eye  could  be  closed  more  readily  and  the  cheek 
was  more  flexible,  but,  as  soon  as  the  immediate  effects  of  the  stunulus  disappeared, 
the  parts  returned  to  their  usual  partially  paralyzed  condition. 

Paralysis  from  Pressure  and  Cold, — Paralysis  sometimes  occurs  from 
pressure  on  the  nerves  of  the  arm  during  sleep,  and  most  frequently  im 
persons  who  are  intoxicated. 

Paralysis  of  the  arm  may  also  arise  from  the  pressure  of  a  board  or 
any  other  hard  object  under  the  arm.    It  may  also  be  caused,  like  facial 
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paralysis,  by  exposure  to  cold.     Paralysis  may  arise  also  from  the  pr^ 
sure  of  the  foetus  in  parturition. 

All  these  forms  of  peripheral  paralysis  may  be  treated  by  clc  -    - 
preferably  by  the  galvanic  current,  and  with  curative  results,  un"-.--  ■:< 
nerve  be  too  severely  injured. 

Paralytix  of  muscles  of  right  thigh  ;  apparently  produced  ^  nep&ntre  i»€«U—Ji9' 
ttsthesia — Improvement  under  gahanitation — Iiffrease  dm  sue  mf  timL 

Case  XCIV. — Miss  F.,  aged  about  20,  first  observed  a  sli|rht  pain  and  tonamli 
the  mu&clcs  u{  the  right  ihigh,  that  readily  yielded  tu  a  few  applications  of  the  UnSti 
cturent.  Five  months  subsequently,  after  several  hours*  ex|x>sure  to  cold  «ad«€t, 
she  experienced  considerable  pain  in  the  right  limb,  and  also  a  max  keif  degree  of  1 
ness,  that  disappeared  terapororily  after  walking  a  few  times  around  the  moBi. 

In  a  few  dnys  the  ]'>ain  extended  to  the  hip  and  involved  the  i«hoIe  liaih,  whk^MS  I 
became  completely  paral)-zed,  and  for  two  weeks  she  suffered  eiccessive  pais  bot^  hf 
and  night.     Three  months  later,  when  it  was  decided    tluat    the    jatient   i^cvll  kt 
treated  by  electricity,  she  was  able  to  move  about  the  bouse  with  the  aid  of  aiddd^ 
although  the  limb  rema'uied  almost  perfectly  powerless. 

The  anaesthesia  over  the  quadriceps  muscle  was  very  decided,  the  wMlfS^^** 
producing  two  impressions  only  when  its  points  were  separated  four  inchev  ami  «k 
electro-mujicular  contractility  was  entirely  absent  in  all  the  external  or  suriaoe  mmda 
of  the  thigh  and  in  a  portion  of  the  leg.  The  thigh  had  atrophied  to  tbe  cxlatf  d 
an  inch  and  one-half. 

Ten  applications  of  the  faradic  current  entirely  dissipated  the  »wi>m'ti»%  m  t^  k 
was  necessary  to  separate  the  sesthesiometer  but  three-quarters  of  an  tiHfc  '»  o^  I 
that  two  impressions  might  be  received, 

The  same  current  partially  restored  also  the  electric  contractility  oi  ti«  AmhI 
muscles ;  but  it  was  not  until  a  galvanic  current  nf  consid-:rabIe  tnteiuaty  wat  ea- 
ployed  a  number  of  times,  that  they  responded  healthfully  to  Its  influence. 

The  faradic  current  was  again  resorted  to  and  per^islently  used  for  seven]  la^Blk 

The  limb  gradually  increased  in  strength,  so  that  she  was  able  tt>  walk  nadlJfa** 
the  aid  of  a  cane.  It  increased  also  in  sLce,  so  that  around  the  thigh  it  meaRivd^ 
one-quarter  of  an  inch  less  than  the  sound  limb.  Time  alone  caxx  tell  wbeUtf  ^ 
will  tdlimately  regain  complete  control  over  the  diseased  member. 

Complete  paralysis  of  the  flexors  and  extensors  of  the  ttrrist  and  Jfmgert,  emutdif 
pressure — Cured  by  three  local  applications  of  the  faradU  cwrremL 

Ca5E  XCV.— Mrs.  P.,  aged  30,  was  suffering  horn  complete  paralrsb  of  the  ato^ 
Bors  and  flexors  of  the  wrist  and  the  light  arm.  Eight  weeks  before  ikt  i»A)M 
her  little  child  in  her  arms  all  of  the  day.  The  right  arm  was  of  coarse  asef  »^  =<• 
In  the  evening  she  fell  asleep  in  a  rocking-chair,  with  nearly  the  whole  wei 
chUd  resting  on  the  right  arm.  In  the  course  of  an  hoar  she  awoke,  to  find  i—  -  - 
and  fingers  paralyzed.  No  improvement  had  been  manifest  in  the  cooditMa  W 1^ 
parts  up  to  the  time  we  saw  her. 

The  tissues  below  the  wrist  were  decidedly  anxsthettc,  but  dectro-mnacaltf  1 
tractility  was  little  impaired.     Three  local  applications  of  the  faradic  carreat  t^^ik% 
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course  of  five  days,  dissipated  tlie  numbness,  and  so  improved  the  members  that 
she  could  with  ease  move  the  fingers  and  wrist  in  every  natural  direction.  The  re- 
covcf)'  became  com{>lete  in  a  week  or  so  without  further  treatment. 

Calorific  Paralysis. — Under  this  head  Betiedikt  records  a  case  of 
paralysis  caused  by  the  contact  of  glowing  hot  iron  with  the  skin,  at  a 
point  near  the  radial  nerve.  The  nerve  was  not  directly  injured,  but 
paralysis  with  anesthesia  ensued.  The  patient  recovered  after  a  num- 
ber of  sittings.     Both  galvanic  and  faradic  currents  were  employed.* 

Reflex  Paralysis. — Under  this  head  are  included  those  peripheral 
paralyses  which  arise  by  reflex  action  through  the  central  nervous  sys- 
tem, from  some  remote  part  of  the  body.  Some  of  the  cases  of  general 
paralysis  of  alt  the  extremities  are  of  this  nature. 

Paralysis  that  arises  by  reflex  action  may  remain  long  after  the  mor- 
bid condition  that  caused  it  has  entirely  disappeared. 

Treatment. —  I^ocalized  faradization  or  galvanization  is  required  in 
this  form  of  paralysis.  This  treatment  should  be  directed  not  only  to 
the  paralyzed  muscles,  but  also  in  some  cases  to  the  diseased  part  from 
which  the  paralysis  is  retiected.  In  doubtful  cases,  general  faradization 
and  central  galvanization  may  be  tried. 

Prognosis. — This  is  much  more  favorable  than  in  paralysis  that  di 
lieclly  proceeds  frotii  organic  disease.  Everything  depei»ds  on  the  na- 
|tiire  and  locality  of  the  irritation. 

Typical  tasf  0/ complete  rejlex  paralysis  of  the  seventh  pair  on  the  right  side  of  the 
face^  following  severe  neuralgia  of  the  fifth  pair  on  the  same  side. 

Case  XCVL — The  patient,  a  lady  aged  30,  some  weeks  previously,  had  experienced, 
1  in  the  fifth  pair,  an  attack  of  sharp  shooting  pain-s  of  far  more  thati  ordinary  severity, 
I  was  followcil  in  the  course  of  twelve  hours  by  symptoms  of  facial  paralysis^  which 
I  gradually  increased  until  the  loss  of  power  was  almost  complete. 

The  muscles  responded  to  the  influence  of  faradisation,  but  there  was  a  manifest 
decrease  of  the  electro-mu.scular  contractility.  Three  applications  of  the  faradic  car- 
rent  to  the  affected  side  completely  restored  the  comraclite  power  of  the  rausde%  and 
three  similar  applications  removed  the  paralysis. 

Refiex  paralysis  of  the  left  arm,  apparently  from  neuralgia  of  short  duraiion-^ 
Recovery  under  localiud  and  general  faraditatioH. 

Cask  XCVIL— Mrs.  W.,  aged  31,  consulted  us  February  1,  1867.  She  was  suffer* 
I  Ing  from  general  neuralgia,  which  was  especially  localized  in  the  left  arm.  Appetite, 
I  digestion,  uid  sleep  were  all  poor. 

There  was  paralysis  nearly  complete  of  the  left  arm.  We  b^an  treatment  by  gen- 
lend  and  localized  faradization.     In  one  week,  after  three  sittings,  the  paralysis  disap* 

*  Op.  dt,  Ik  48a 


Daring  and  after  recovery  from  this  illness  the  patient  i 
and  tingling  in  both  feet,  together  with  a  decided  loss  of  mo 
toms  were  persistent,  and  for  five  months  the  patient  was  a1 
distances  and  only  with  great  difficulty. 

On  examination  with  the  faradic  current  it  was  found  that 
tractility  was  somewhat  impaired.  Faradization  of  the  low* 
loins  and  the  l^;s  was  employed,  with  the  observed  effect  of  t 
tractility  of  the  muscles. 

Twelve  applications  so  improved  her  condition  that  she  i 
miles  without  suffering  extraordinary  fatigue. 
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In  regard  to  posterior  spinal  sclerosis  we  have  these  remarks  to 
offer: 

1.  The  great  exciting  causes  of  the  disease  are  exposure  to  wet  and 
cold,  mechanical  injury,  and  syphilis.  It  is  a  fact  not  thoroughly  ap- 
preciated by  the  profession  or  by  the  people,  that  it  is  as  possible  to 
take  cold  in  the  cord  as  in  the  lungs.  Cold  in  the  cord  manifests  itself 
just  as  cold  anywhere  else  manifests  itself, — that  is,  by  congestion  ;  and 
if  the  colds  are  repeated,  the  congestion  becomes  a  fixed  condition 
that  is  not  easily  resolved,  and  in  time  may  go  on  to  the  condition 
known  as  posterior  spinal  sclerosis,  or  locomotor  ataxia. 

The  connection  between  this  stnictural  lesion  of  the  cord  and  expo- 
sure to  wet  and  cold  is  not  always  directly  apparent,  is  but  rarely  sus- 
pected by  the  patient,  and  almost  never  inquired  into  by  the  physician» 
partly  because  of  its  remoteness,  and  partly  because  the  professional 
mind,  at  least,  has  been  diverted  in  the  direction  of  sexual  excess  ai 
the  one  great  cause  of  ataxia. 

The  mechanical  injuries  that  most  frequently  give  rise  to  sclerosis  of 
the  cord  arc  severe  blows  and  falls,  or  the  shock  of  accidents  of  almost 
any  kind.  It  is  not  necessary  that  the  injury,  whatever  it  may  be, 
should  be  received  on  the  spine  or  head,  in  order  to  cause  symptoms 
of  ataxia.  A  violent  concussion  from  any  injury  that  is  directly  felt  on 
the  arms  or  legs  may  have  the  same  effect  as  a  direct  injury  to  the 
back. 

2.  The  cord  is  predisposed  to  take  cold  by  any  causes  that  tend  to 
exhaust  it.  Among  the  more  prominent  of  these  causes  arc  long 
marching  or  violent  and  wearying  muscular  exertion  of  any  kind,  espe- 
cially of  the  sort  that  draws  heavily  on  the  \owev  part  of  the  cord,  ex- 
cessive intellectual  exertion,  and  sexual  excesses.     The  two  latter  pre- 

_disposing  causes,  excessive  intellectual  exertion  and  sexual  excesses, 
perate  far  less  frequently  than  the  purely  physical  causes. 

3.  In  regard  to  the  supposed  influence  of  sexual  excesses  on  this 


tion  of  the  patient  to  the  sexual  organs,  and 
amount  of  abuse;  and  when  questioned  conci 
niancl  that  he  recalls  and  confesses  his  rece: 
spect.     Now,  this  increase  of  sexual  desire  is 
effect  of  spinal  congestion,  by  which  the  cord 
active  ;  it  is  a  sign,  not  of  health,  but  of  diseas 
nor  is  the  abuse  which  it  invites,  the  cause  of 
cord  into  which  congestion  leads, 

The  most,  then,  that  can  be  said  of  sexual 
ataxia,  is  that,  by  weakening  the  cord,  it  may 
prepare  the  way  for  colds,  mechanical  injuric 
to  enter  in  and  take  possession. 

4.  It  is  more  frequent,  so  far  as  we  can  lea 
the  South  ;  cold,  damp  climates  favor  its  dev< 
stages,  long  residence  in  tropical  or  subtropii 
trial. 

5.  It  is  very  often  complicated  with  congest 
anterior  column.     The  neuralgic  pains,  of  whid 
not  appear  in  much  more  than  half  the  cases. 
Bay  whether  they  are  a  good  or  a  bad  syrnpt 
the  worst  and  most  obstinate  cases  we  have  yi 
pains.     Another  point  equally  true  is,  all  the 
pains  may  exist  in  those  who  never  have  ataxia. 

EUcfrc-Diagnosis. — The  electro-muscular  conl 
rifahilify,  may  be  normal  or  increased.     This /i 
tor  ataxia  from  ordinary  paralysis  of  motion 
spinal  sclerosis,  in   which  the  electTO-muscul 
diminished.     The  electro-muscular  contractilil 
minished  in  certain  forms  and  stages  of  pos 
ben  complicated,  as  it  may  be,  with  anterior  ^ 
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number  are  very  greatly  benefited  in  all  the  leading  symptoms ;  about 
the  same  nimiber  are  but  slightly  benefited  ;  and  in  a  few  cases  abso- 
lutely nothing  is  accomplished. 

The  projjortion  of  absolute  cures  is  so  small  that  there  is  a  natural 
temptation  to  doubt  the  diagnosis  or  pathology  of  any  reported  cure. 
The  cases  that  are  brought  on  by  mechanical  injury,  especially  by  con- 
cussion, offer  the  best  prognosis ;  and  this  is  irvie,  we  believe,  of  other 
nervous  disorders.  The  explanation  would  appear  to  be  that  the  dis- 
ease excited  by  concussion  is  of  a  temporary,  and  comparatively  tran- 
sient, character,  and  the  character  of  the  lesion  is  far  less  severe  than 
in  those  cases  that  come  on  slowly,  through  long  years  of  incubation. 
In  our  observation  the  most  satisfactory  improvement  has  been  in 
those  cases  of  ataxia  that  were  brought  on  by  concussion.  This  is  also 
true  of  paralysis  in  general,  excepting,  of  course,  those  cases  where  the 
spinal  cord  is  directly  and  seriously  injured. 

Most  of  the  published  statements  in  regard  to  the  prognosis  of  the 
disease  under  electricity,  as  indeed  under  any  other  form  of  treatment, 
must  be  received  with  great  caution.     Many  of  the  physicians  who  re- 

:  port  the  cases  have  perhaps  never  before  seen  a  case  where  they  made 
the  diagnosis  of  ataxia,  and  in  the  instance  that  ihey  publish  there  is 
much  probability  of  deception  ;  and  this  probability  is  increased  if  the 
patient  perfectly  and  permanently  recovers.  Hysteria  comes  in  to 
complicate  the  diagnosis,  and  some  of  the  reported  cures  have  been» 
without  doubt^  of  an  hysterical  character.  Spinal  congestion  is  very 
often  mistaken  for  spinal  sclerosis ;  the  symptoms  run  into  each  other, 
and  the  former  iu  some  cases  leads  to  the  latter.  But  spinal  conges- 
tion is  relievable  and  curable',  while  spinal  sclerosis  is  rarely  so.  Some 
of  the  su]>posed  cures  have  been  very  likely  simply  remissions  in  the 
course  of  the  disease. 

I  Treatment — Ataxia  may  be  treated  electrically  by  a  combination  of 
several  different  methods  of  electrical  application  :  Galvanization  of 
the  spine,  central  galvanization,  and  general  faradization  when  cere- 
bral disttirbance  or  general  ataxia  of  the  nervous  system  appear ; 
galvanization  of  the  cervical  sympathetic,  and  peripheral  faradi^ation 
with  sponges  and  the  metallic  brush.  All  these  various  applications 
may  be  made  with  weak  or  strong  or  medium  currents,  according  to 
the  wants  of  each  case. 

We  have  found  good  results  from  simply  treating  the  leading  symp- 
tom,— the  anaesthesia, — without  any  special  reference  to  the  cord.  We 
do  this  by  means  of  the  metallic  brush,  or  by  a  finely-pointed  metallic 
electrode,  making  the  application  over  the  feet,  legs,  arms,  and  all  parts 
34 
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of  the  body  that  are  anaesthetic.     Tlie  end  justifies  \hc  means. 
have  found  more  good,  in  some  cases,  from  this  method  than  fromj 
vanization  of  the  spine  and  all  the  other  methods  combined, 
the  anaesthesia  is  profound  and  permanent,  currents  of  great  j 
are  sometimes  not  only  not  disagreeable,  but  positively  agreeable. 

In  recommending  this  method  we  do  not  recommend  exclusive  rdiii 
upon  it  ;  it   is  to  be  used  io  alternation   with  the  other   method*  J 
which  we  have  spoken.     It  should  not  be  forj^tten  that  the  rcflc«^ 
feet  of  powerful  peripheral  faradization  on  the  cord  may  be  of  j 
service  than  galvanization  of  the  spine, 

Potterior  spinal  sclerosis — Concussion  of  tk*  spine  compiifottd  witk  attach  tfa^ 
sia  and  weeping —  Very  unusuai  improvement  um/er  gatvanisation  of  the  tfini 
nitratt  of  silz>er. 

Case  XCIX. — Dr,  N.,  amedtcal  gentleman,  over  70  years  of  age,  was  hroogliltl 
November  g,  1872,  by  Dr.  Corey.     About  six  months  before,  the  doctor  owlmi* 
get  on  »  street-car,  but,  the  iron  support  being  loose,  he  slippe^i  m»<i  fell  on  ItH  t 
lej;,  and  for  thU  he  was  treated  surgically.     He  was  (aid  op  with  the  injiny  to  tkl 
nnd  hip  for  some  weeks.     Certain  nervou>  symptoms  alM  be)*an  to  Appear  afta  »l 
weck<;,  but  they  were  not  referred  to  any  injury  of  the  cont,  and  spinil  «(c!efofi»i 
very  naturally,  not  suspected.      Dr,  Corey  hnd  made  the  ilia^osi*  of  rlegenenlio 
the  cord  before  bringing  hira  to  u^,  and  this  diagnosis  corresponded  wjth 
The  patient  had  a  stiff  and  uncertain  gait,  and  could  not  turn  round  qsicUjri 
falling,  nor  stand  still  when  his  eyes  were  closed.      A  strange  complieatioSI 
bional  attacks  of  utter  inability  to  spjeak,  accompanied  wiih  suffusion  of  l 
shedding  of  tears.     Tiiese  came  on  under  any  specuit  excitement,  and  Uud  ( 
to  five  minutes. 

The  anxsthesia  and  analgesia  of  the  lower  limbs  were  profound,  and  dedn 
ability  was  but  slight ;  but  there  was  no  loss  of  electro-muscular  contrartilUy, 
motor  disturbance  whatever.     There  was  also  a  deficieacy  of  the  sense  of  | 
as  indicoied  by  iht pieimelirr.     At  ntght  there  was  great  pain  in  the  b*ck,  witil*! 
«tion  of  numbness  that  often  compelled  him  to  rise  and  >valk  the  room. 

As  the  patient  was  entirely  vk-ell  at  the  time  of  the  accident,  and  a»  the  1 
of  sclerosis  followed  or  at  le.ist  began  to  appear  a  few  weeks  after  the 
as  there  was  no  evidence  of  exposure  of  any  kind,  it  was  cleariy  a  caie  of  f 
ataxia. 

The  case  was  subsequently  broogfat  into  court,  in  order  to  collect 
railroad  company,  and  was  decided  in  favor  of  the  patienu     Beit^  cal 
tify,  we  gave  it  as  our  opinion  that  the  disease  from  which  the  old  |^tJ 
was  of  so  grave  a  character  that  he  would  never  recover,  but  would  be  a  j 
until  he  died. 

We  subsequently  treated  the  above  patient  by  mild  galvaniiatio 
the  spine,  and  nitrate  of  silver,  and  in  the  course  of  a  month  be  1 
to  improve,  and,  what  is  more  rcinarkablt:,  the  improvement  1 
He  did  not  fully  recover,  but  came  nearer  to  &  pennanent  j 
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any  othei  case  that  we  have  yet  seen.     He  was  able  to  resume  active 
labors. 

PMterior  tpinal  sclerosis  hegtnmng  in  spinai  (ingestion — Sonu  impmement   tinder 
faradisation  with  the  metallic  brush. 

Case  C. — Mr.  D.,  a  gentleman  50  years  of  age,  was  referred  to  me  March  17, 
1S73,  Viy  Ur.  T,  M.  Markoe.  The  patient  was  of  a  strong  buikl,  and  of  a  sanguine 
lymphatic  temperament ;  during  his  whole  life  prior  to  this  disease  he  had  known 
nothing  hut  health.  One  year  before,  he  had  attended  a  sale  of  pews  in  a  church, 
and  for  three  hoars  had  sat  quite  still  in  a  cold  room.  He  went  there  in  absolute 
health;  became  out  with  a  feeling  of  numbness  in  the  leg?!,  which  cxicndctl  to  the 
hamts*     He  was  never  well  a^ain. 

On  examining  him,  we  found  persistent  and  profound  anieslheiiia  of  the  h.inds  and 
feet,  and  even  of  the  arm?  and  legs.  Tingling  and  pricking  and  stinging  sen>ations 
were  felt.  Sexual  power  was  diminished,  but  not  destroyed.  He  could  stand  with 
ehted  tyeft  but  could  not  turn  quickly  round.  Tests  with  the  dynamometer  showed 
good,  strong  muscular  power.  .\t  times  he  had  suffered  from  sharp,  shooting,  neu- 
ralgic pains  in  the  legs;  The  «liminution  in  electro-sensibility  was  so  great  that 
very  powerful  faradic  currents  applied  with  the  sponge  caused  little  or  no  piin,  al- 
though ihc  priri-  of  a  pin  tvtu  qui<kly  felt.  The  patient  walke<i  quite  comfortably, 
and  attended  to  his  business.  The  treatment  used  at  iirst  was  galvanizaticn  of  the 
spine,  combinevl  with  ergot  and  nitrate  of  silver  internally ;  but  all  did  no  yood.  We 
then  tried  general  faradiiation,  and  last  of  all  faradization  with  the  metallic  brush. 
The  latter  accomplLvhed  something,— reduced  the  aasesthesia  and  relieved  a  little  the 
abnormal  subjective  sensation. 

Neuralgic  pains  that  develop  into  veil-marked  loepmotor  ataxia — Deficiency  in  power 
of  loealiiation — Some  improvemeni  under  general  faradization . 

Case  CI. — The  patient  was  a  f  oung  man,  aged  33,  and  had  served  during  several 
years  of  the  late  war  as  an  officer  in  the  Union  Army.  For  several  months  he 
had  complained  of  the  severe  aching  pains  in  his  legs,  and  ascribed  them  to  the  ex- 
posure and  hardships  of  his  recent  army  life.  His  knees  were  sliff  and  lame,  rendering 
him  incapable  of  moving  faster  than  a  walk.  In  treating  him  by  elect riiat ion,  the  ap- 
plications were  directed  especially  to  the  legs,  the  seat  of  the  supposed  rheumatism. 
This  treatment,  continued  for  two  weeks,  almost  completely  relieved  the  s^-raptoms 
•which  had  so  persistently  annoyed  him,  and  thus  in  a  measure  seemed  to  confirm  the 
diagnoii*.  For  a  short  time  the  patient  was  apparently  well,  but  in  a  few  weeks  the 
peculiar  symptoms  of  ataxia  manifested  themselves,  when  he  once  more  fell  under  our 
care.  His  movements  then  presentetl  the  characteristics  of  an  advanced  condition  of 
locomotor  ataxia.  He  found  it  difficult  to  rise  from  a  chair,  and  even  more  diflkull 
to  start  when  he  had  gaincii  his  feel.  His  legs  and  feet  were  cold  and  profoundly 
anflBthetic.  He  was  deficient  in  the  power  of  localizatt,\n  ;  without  the  aid  of  sight 
lie  was  unable  to  tell  where  his  limbs  were.  Half  a  dozen  applications  of  general 
electrisation  with  the  farodic  current  succeeded  in  giving  very  decided  relief  10  the 
•luesthetic  condition  of  the  lower  extretnitiea,  and  imt>roved  considerably  the  steadi* 
ness  of  Uis  gait. 
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Puling  0/  constriction   in  thigh — Neuralgic  paint — Anastkexia  f/ /ett  mmd  fm- 

gers — Some  improvement  under  galvanization  of  jpine  and genrrat /ar»di»ttim. 

Case  CI  I. — A  young  EngUshraan,  complaining  of  sjtnptoms  which,  aS  Int, 
inasked  the  real  disease  from  which  he  was  sufTering,  was  srent  to  iu  by  Dr.  Join 
Cooper,  of  Brooklyn.  As  junior  partner  in  a  large  importing  hoosef  and  having  aik 
charge  of  the  l>ooks  of  the  concern,  he  had  labored  too  hard,  and  had  been  coctfiacd 
too  close  to  his  desk.  Up  to  the  time  of  the  onset  of  the  ^tnptoms,  for  the  rdkf  of 
which  he  was  directed  to  115,  he  attended  as  u&ual  to  business.  K^artltng,  hu»nu, 
his  method  of  life  as  the  cause  of  his  dLfficulties,  he  immediately  dii^jolved  hb  bosanes 
connections,  and  soon  after  fell  under  our  observatioa  When  vraJWing  or  j^aiw^w^ 
be  leaned  forward,  and  on  attempting  to  throw  his  body  into  its  natural  er^ct  po«tkc 
he  complained  of  a  sense  of  constriction  in  either  iliac  region,  as  if  the  mosJa  o*- 
cerned  in  flexing  the  thigh  were  permanently  contracted. 

A  general  application,  but  directed  especially  to  the  lower  portion  t-.  ...^  ..Cjocs 
and  the  groin,  relieved  hira  wonderfully,  and  another  s&ance  overcame  comftindr 
this  apparent  muscular  contraction,  so  that  he  was  enabled  to  stand  without  WKm«t 
forward,  and  to  walk  with  far  greater  ease.  Now  that  lhi&  unusual  compQcalkv  TO 
dissipaterl,  the  true  character  of  his  disease  became  e\idcnt.  Thic  nnore  impocUHe 
symptoms  of  locomotor  ataxia  became  unmistakably  manifest  : — - 

1.  There  was  incn-ordination  of  the  motor  puwer  in  the  lower  extremities  ^  ** 
true  paralysis  of  motion  there  or  elsewhere. 

2.  Characteristic  neuralgic  pains,  of  a  sharp  and  shooting  kind. 

3.  Considerable  ancestljcsia  in  the  feet  and  fingers. 

The  patient  was  treated  by  galvanization  of  the  spine,  altemitiof 
with  general  faradization,  but  without  perceptible  improvement. 

Posterior  spinal  sclerosis —  Temporary  relief  only  follows  gaffamiMatwn  0/  rftnt  f*i 

local  faradization. 

Ca.se  cm. — Miss  W.,  a  patient  of  Dr.  Abram  Dubois,  conrplainer!  of  anx«ihe« 
of  the  right  foot  and  occasionally  of  the  left  arm.     Around    the  abdoiDca 
BcrilMd  a  sensation  as  of  a  band  tightly  drawn.    She  had  in  a  measure  lost  cooirnlc 
the  action  of  the  .sphincter  ani  and  not  unfrequcntly  slie  was  annoyed  by  stieht  \ 
evacuations.     The  loss  of  co-ordinating  power  in  the  legs  was  very  marked.  aniLvfitfi 
as  thi-s  symptom  was  concerned,  her  condition  was  typical  of  spinal  "sclerodi.     Tlsi'tf 
symptoms  of  the  disease  were  observed  several  years  before,  anrl,  with  the  eaoesckxl 
one  or  two  seasons  of  temporary  improvement  had  been  slowly  progTe!Kiv«u 

In  the  treatment  of  this  case  by  electrization,  the  most  that  we  obtained  «M«M 
amelioration,  but  no  very  decided  or  permanent  relief.  Faradization  of  the  lo^cf  9CV> 
tion  uf  the  >.pine  and  the  loins  would,  as  a  rule,  increase  temporarily  the  nt«tai*s<^ 
Irol  of  the  sphincter,  while  galvanization  of  the  cord  and  faraditatioci  oflbakvtt- 
abled  her  for  several  hours  to  use  her  limbs  with  more  steadiness.  andta«BAM> 
greater  amount  of  fatigue. 

I^uterior  spinal  sclerosis  of  six  yearf  standing — Persistent  trtafiment  iii  wmtH\  < 

littU. 

Case  CIV. — Mr.  E.,  s  gentlcmAn  aged  about  50,  was  sent  to  us  bv  Dr.  k^T! 
Metcalfe,  to  be  treated  for  weU-marked  posterior  spinal  sclerosis  of  some  lix  jttn' 
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tin.  The  patient  had  been  a  person  of  great  plmical  vigor,  and  when  in  health  had 
ten iccttstotned  to  walk  great  distances.  His  gait  was  very  uncertain,  anaesthesia  of 
tie  txtremitics quite  profound  ;  bladder  impaired  in  tone,  but  of  the  usual  neuralgic  painj 
there  were  none.  This  case  was  treated  with  persistency  by  both  general  faradisation 
ndceotnl  galvanization ;  but  aside  from  slight  improvemtnt  in  his  general  condition, 
■Ml  wme  increase  in  the  contractile  power  of  the  bladder,  nothing  was  accompliiljeo. 

Iita^tjft  ifinaJ  sclerosis  assixiaUd  with  congestion — Apparently  /Permanent  arrest  of 

ikt  rapidly  increasing  symptoms  of  loss  of  power ,  imo-ordination  of  movement,  and 

tuaralgia  by  gaJvanitation  of  the  spine. 

Case  CV. — Mr.  W.  C,  a  gentleman  aged  36  years,  consulted  us  in  July,  1870, 
fcn  condition  which  we  diagnosed  as  spinal  congestion  accompanied  by  a  more  severe 
Murilgia  of  the  legs  than  is  usually  associated  with  hypcrxmia  of  the  cord.  The  Umbi 
wtre  lender  to  the  touch,  and  circumscribed  patches,  which  were  excessively  senative, 
would  suddenly  appear  and  disappear  in  the  lower  extremities. 

In  iddition,  there  was  considerable  decrease  in  the  power  of  locomotion,  attended 
by  slight  s)Tnptoms  of  inco-ordination  of  movement.  These  last  symptoms  were  of 
■dl «  character  as  led  us  to  suspect  incipient  spinal  sclerosis. 

In  a  few  months  the  fialtent  had  fallen  away  in  fle<Ji  some  twenty  pounds.  We 
«n>plpyed  in  this  case  almost  exclusively  galvanization  of  the  spinal  cord,  beginning 
*ilh  lisT,  and  as  the  treatment  progressed,  using  as  high  as  eighteen  cells.  The  treat- 
■wt  was  followed  by  complete  relief  of  his  severe  neuralgic  pains,  increase  in  flesh, 
M^ decidedly  more  strength  in  and  control  over  the  1<^.  Before  treatment  the  pa- 
tittl  »as  rapidly  growing  worse.  The  result  of  the  application  was  not  to  effect  a 
p«riect  cure,  since  we  believe  that  to  be  well-nigh  impossible,  but  the  disease  was  at 
">«  arrested,  and  at  this  date,  after  the  lapse  of  two  years,  the  patient  retains  all  the 
*»«fit  derived  from  the  twenty  applications  given. 

In  the  above  case  the  spinal  cord  was  clearly  passing  from  ihe  stage 
ofcongesdoa  to  the  stage  of  sclerosis.  Spinal  congestion  is  usually  a 
•^ible  disease  (see  chapter  on  that  subject),  and  hence  it  is  probable 
**t  if  ataxic  patients  were  put  under  electrical  treatment  in  the  Ixansi- 
'lon  stage  from  congestion  to  sclerosic  degeneration,  the  results  would 
"c  much  more  favorable. 

The  above  is  but  one  of  a  number  of  cases  that  were  similar  both  as 
'fgirds  the  recentness  of  the  attack,  the  apparently  progressive  inarch 
^  the  symptoms,  and  the  effects  of  treatment  that  have  fallen  under 
^  observation.  The  lesson  that  they  teach  is  sufficiently  plain,  and 
"Cre  can  be  but  little  doubt,  that  if  this  teaching  were  heeded  and 
Practically  acted  upon  by  the  early  and  judicious  use  of  the  treatment 
*^icated,  the  advanced  stage  of  spinal  sclerosis  would  become  a  far 
•^s  frequent  occurrence. 

\or  ataxia  of  year^  standing —  Very  great  improvement  under  galvanitation 

of  the  spine  and  general  faradisation. 
CVI. — Mr.  S.  C.  P.,  a  gentleman  of  45,  and  directed  to  us  by  Prof.  Austin 
l|Uf  had  for  some  (our  years  suffered  &om  symptoois  uatnistakably  typical  of  a 
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Mfiewhat  adranced  stage  of  posterior  spinal  sclerosis.  By  the  aid  of  a  rare  nd 
■ASbmponied  by  an  attendant  the  piitient  would  venture  almost  daily  tr  '  .  '    ' 

the  power  over  the  co-ordination  of  movement  was  so  markedly  imj  :      » r 

with  difficulty  only  that  he  could  walk  on  a  level.  When  he  attcxupled  toaaoeadu 
desccitd  the  stairs  he  could  execute  the  necessary  movements  with  aasistance  only,  cr 
slowly  and  painfully  by  grasping  the  banisters  or  railing.  We  submitted  hir.i  to 
alternate  applications  of  spinal  galvaniration  and  general  faradixatiort.  This  melLni  «  u 
continued  a  number  of  months,  but  the  patient  was  irregular  in  his  atteivlaivc,  tal 
thus  in  a  scientific  point  of  view  rendered  the  treatment  entirely  unsjuis^torr.  Tkt 
results,  however,  were  important.  He  gained  in  strength  and  in  power  of  co-orfinaiiat 
to  a  HDarked  degree.  He  ventured  into  the  street  alone  and  could  readQy  walk  wnkM 
a  cane.  The  service  rendered  was  most  decidedly  manifested  when  be  attcmstol  ta 
go  up  or  <lown  stan-s  ;  this  he  could  do  with  ease  and  entirely  alone,  <uul  what  bdbee 
vras  impossible,  viz.,  turning  quickly  around,  he  now  accomplLsJ^ed  witfacMB  dB* 
culty. 

Marked  ckaratteristics  of  gait — Difficulty  of  turning  arounJ —  T'inrutut  nuriwrn 
Natralgia — Decided  improvement  under  genereil /araJtMti^H, 
Case  CVII.— G.  M.,  aged  49,  came  luider  our  care  in  $e]Hcmber,  iSdSL     Kt 
stated  that  his  lower  limbs  were  partially  paralyzed ;  but  when,  at  our  soBctatfioB.  ke 
threw  out  cither  leg  violently,  it  was  evident  that  there  was  no  loss  of  powvr  ia  ^<am 
members.     To  illvistratc  the  unsteadiness  of  his  gait,  he  attempted  to  walk,  aera*  ibl 
room.     This  he  accomplished  slowly  and  with  effort,  hts  feet    coming   to  Uic  Aeaf 
heavily  at  every  step,  and  his  whole  body  swaying  from  side  to  ^de.    When  Iw  ^Mfol 
to  turn  in  his  course,  these  symptoms  were  aggravated   atwl  others  were  pteHMal 
His  arm^  joined  in  the  general  commotion,  but  his  feet  seemed  rootei  to  theSooT,  wif 
unwilling  to  obey  tlie  order  to  turn.     Finally,  by  a  great   effort,  the  feet  were  ^/^ 
called  into  action,  and  the  patient  managed,  by  making  a  considerable  cimnt,  to  fK« 
about  and  resume  !jis  walk.     He  complamed  of  a  persistent  numbness  aod  crUwr 
in  his  arms,  legs,  and  feet,  and.  on  testing  the  cutaneous  sen^biltty  of  the  ooter  fur« 
tion  of  the  thigh  with  the  sesthcsiometcr,  it  was  found  that   two  iiniicfMiiiiM  ««• 
received,  only  when  the  points  of  the  instrument  were  separated  at  leut  fosraBta 
half  inches.     He  sufTcrcil  much  from  acute  neuralgic  pains  in   the  lower  lUnla  ttal 
frequently  impaircil  his  rest,  while  at  the  best   his  sleep  was  fitful   and   ttnrefns^il^ 
Sight  and  hearing  were  somewhat  affected,  and  he  was  annoyed  by  a  constant  timrn^M 
auriunu      Wliile  his  apj^tite  and  digestion  continued  fair,  his   [xiwer  of  CfMlanfeS 
had  markedly  decreased,  so  tliat  a  short  walk  of  a  couple  of  blocks  was  all  tWal  he  M 
alile  to  undertake.      His  method  of  life  for  many  years  had  been  sach  as  iiui— liy 
to  operate  injuriously  against  the  healthful  jicrformnncc  of  the  functions  of  bollk  aM^ 
and  body.     As  a  circus-actor,  his  whole  physical  >ystem  had  ticeii  racked  aikJ  t*i<*i 
into  every  conceivable  shape,  and  as  an  associate  of  the  dissolute  of  both  sexes  ■  t*e 
**  profession,"  he  had  indulged  freely  in  almost  ever}'  conceivable  forn*  of  daciMMa 
Some  five  years  previously  he  contracted  sypiiilis,  and  again  two  yean  after,  whot^ 
secondary  form  of  this  disease  manifested  itself.     When  he  commenced  h»  tx^  U  ai 
he  called  attention  to  several  syphilitic  ulcers  on  the  left  ankle.      He  >»— i  alaari  •* 
dulgcd  freely  in  alcoholic  stimulants  and  he  Imd  aho  used  tobacco  to  tiie  fi^ut 
conceivable  excess,  often  stnoking  the  whole  day,  and  frequently  risiii]*  froot  ha  UdM 
night  to  liglit  his  pipe  or  cigar. 
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;  administration  of  a  dozen  applications  of  general  faradization,  we  simuned 
[iptWr  results  as  follows  : — 

I,  The  tactile  sensibility  of  the  thigh  was  increased,  so  that  the  seslhesiometcr 
I  produced  a  sensation  of  two  impressions  when  its  pobts  were  separated  but  two  and  a 
llBUead  of  four  and  a  half  inches. 

I  The  neuralgic  pains  of  the  limbs  were  completely  relieved. 
\  The  extremities  were  sensibly  warmer. 
i  Sleep  wai.  more  sound  and  refreshing. 

I  He  was  able  to  walk  ten  blocks  with  as  much  ease  as  he  could  walk  two  before, 

■Uie  power  of  co-ordinating  hLs  movements  was  decidedly  increased. 

B  continued  treatment  until  January,  a  period  of  about  four  montlis,  improving. 

Jly  ootil  he  was  able  to  accept  employment  as  clerk  in  the  office  of  a  cool-yard. 

It  months  after  treatment  was  discortlinued,  he  retained  all  that  he  hod  gained, 

1  readily  walk  a  raile.     His  gait  was  somewhat  unsteady,  and  he  found  it 

f  still  to  cany  his  cane.     Doubtless  elcctritation  liad  accomplished  about  all 

for  Vim  that  it  is  capable  of,  yet  it  Is  possible  that  continued  treatoieut  might  have 
iiilklber  benefited  him. 


l.tlAl'lJf.ifC.    JULIU. 


PROGRESSIVE  MUSCULAR  ATRiC 


Electro-Diagnosis. — In  cases  of  progressive 
electro-muscular  contractility  is  either  diminish 
tro-muscular  sensibility  is  usually  diminished, 
muscular  irritability  may  take  place  during  the  ji 

Reflex  contractions  occur  ia  muscular  atroiihy. 
also  appear  in  this  disease.     These  facts,  taken 
history  of  the  case,  the  alropiiy,  the  fibrillary  co 
and  anchylosis  in  the  bones  and  joints,  the  an; 
gia,  make  up  the  diagnosis.     Diplegic  contrac 
in  muscular  atrophy  by  Remak ;  they  have  sin 
teria  and  other  irritable  conditions. 

The  disease  docs  not  always  exist  alone  ;  it 
locomotor  ataxia,  with  paralysis  of  the  cranial  m 
of  the  brain. 

Prognosis  and  Treatment. — Our  better  and 
the  possibilities  of  electro-therapeutics  fortunati 
to  some  extent  the  prognosis  in  this  disease, 
grave  cannot  be  denied,  but  by  persistently  foltowi 
that  of  late  years  has  proved  so  successful,  wc] 
not  only  may  tlie  disease  be  arrested  far  more 
past,  but  that  in  not  a  few  instances  tlie  nut 
proved  as  to  amount  to  approximate  recovery. 

In  no  other  forms  of  disease  does  it  seem  to 
pedal  emphasis  should  be  laid  on  the  electric 
of  the  so-called   progressive  character.     In  man^ 
ralysis,  in  the  neuiralgias  and  in  most  forms  of  loi 
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tamt,  our  ordinary  remedies  cxeicise  but  little  control  over  their  prog- 
ress. We  have  therefore  almost  in  despair  turned  to  the  therapeutics 
of  electricity  in  these  diseases,  and  although  it  has  failed  by  far  to 
iccomplish  all  that  could  be  desired,  it  has  yet  proved  to  be  more 
tffiucious  than  is  generally  credited.  In  some  cases  it  certainly  arrests 
the  dbease. 

As  i  rule  vre  alternately  make  use  of  central  galvanization  in  its  most 
thorough  form  with  faradization  and  galvanization  of  the  affected 
TOsdes. 

Persistent  faradization  of  individual  muscles  has  been  alone  recom- 
aended  by  Duchenne,*  and  among  others  who  have  reported  recover- 
ies by  this  simple  and  single  method  might  be  mentioned  Dr.  Alex.  P. 
Fiddian. 

The  case  f  that  he  details  was  treated  by  that  form  of  electricity 

gCDcnted  by  the  old-fashioned  magneto-electric  machine,  and  although 

I  liif  wthenticity  of  the  statements  cannot  be  doubled,  yet  a  knowledge 

Ee  combined  experience  of  those  who  have  accomplished  most  in 
0  therapeutics  must  confimi  us  in  the  assertion  that  in  order  to 
ve  the  best  results,  both  currents  must  be  used  and  the  applica- 
directed  to  the  nerve  centres  as  well  as  to  the  affected  muscles. 

^fmirift  muiculnr  atrophy  of  muscles  of  the  right  hand,  three  years'  standing — 
/W»  in  back—N^umbness,  and  coldness^  and  neuralgia  of  the  arm — Disease  of 
tit  ikiit — Arrest  of  the  disease  under  galvanitatian  of  the  spine  and  peripheral 
/variation. 

CaseCVIII. — Mr.  N.,  a  gentleman  of  middle  life,  was  brought  to  us  by  S.  J.  Hol- 

*Ji  November  14,   1870.     The  patient,   who  had  a  strong  constitution,   for  three 

y^nkd  been  suffering  from  atrophy  of  the  muscles  of  the  ball  of  the  thumb  of  the 

•^b*  knd.     The  diseaw   had   lieen  gradual  in  its  onset,  and  very  gradual  in  its 

*">»«,  uid  by  various  treatment — medicines  and  faradization  of  ihe  muscles— had 

"ttmone  or  less  modified.      The  atrophy  was  preceded  by  pain  in  the  back  in  the 

'Swo  of  the  third  dorsal  vertebra.     This  spot  we  found  to  be  tender  on  pressure, 

*"l  »iio  tender  under  the  electric  current.     A  galvanic  current  applied  to  the  tender 

•P»l  citticd  at  once  a  sensation  in  the  affected  hand.     There  were  in  the  hand  jxsr- 

***«flt  coldness  and  great  numbness,  with  anesthesia,  and  also  impairment  of  the 

^■*  of  pressure  as  determined  by  examination  with  the  piesmcter,  and  there  was 

•*leeblcment  of  the  sexual  power.     The  coldness  an<l  numbness  were  first  felt  six 

^*'''> it/ore  in  the  track  of  the  ulnar  nerve;    the  pain  in  the  back  appeared  five 

^*W«be(ore,  and  two  years  after  that   the  muscles  of  the  hand  began  to  atrophy, 

^'«ae  time  there  had  been  evidences  of  an  acute,  or  rather  subacute,  congestion  of 

*«wM,  with  the  symptoms  of  numbness  of  half  the  body  on  the  right  side  ;   ames- 

^•w  of  the  rectum,  so  tliat  the  faeces  were  passed  unconsciously,  and  severe  neu* 

•  De  I'Electrisation  Localisic,  p.  702. 

f  Med-  Time*  and  Gazette,  July  20,  1873,  p.  66. 


^tite.  less  pain  and  more  wmnnth  is 
the  treatment,  wbicli  lasted  several  weeks — about  twenty  t 
eruplian  appiared  on  tJu  back  and  sAon/Jfrs,  witk  gr<M 
great  relief  of  the  pain  in  the  spine.  The  itching  of  the 
by  the  galvanic  current.  The  disease  was,  to  all  seenij 
atrophied  muvks  did  not  rcturo  to  their  normal  contlilii 
the  close  (»f  the  trcaimci\t  we  met  the  pntient.  lie  was  i 
the  hand  m-os  still  coiisiderftbly  shrunken,  the  sexual  pow( 
but  recently  married,  having  previoiuly  lived  a  baclielor,  i 
q»rits. 

The  features  of  most  interest  in  the  above  c; 

1.  It  seemed  to   show  the  central  origin  o! 
atrophy.     Long  before  the  muscles  of  the  hand 
was  evidence  of  spinal  congestion  at  or  near 
whence  issue  the  nerves  to  supply  the  arm.     P 
symptoms  had  been  existing  before  the  atrophy 

2.  The  fact  that,  when  taken  early,  progics 
grave  as  the  disease  is,  may  be  arrested  by  gall 
centres. 

3.  The  apparent  relation  of  the  pniriginous  eni 
state  of  the  cord.  When  the  eniption  appeared 
the  patient  at  once  improved,  and  then  the  em 
by  the  galvanic  treatment  {see  chapter  on  Di; 

Progressive  mmcular  atrophy  of  several  years*  stand 
under  persistent  treatment  by  general  and  Idcai  /oi 
Xfanixation. 

Case  CIX.— Mr.  D.,  aged  44,  came  to  us  with  symp 
muscular  atrophy.     These  symptoms  had  been  developin 
thenar  and  hypothenar  eminences  of  the  right  hand,  to 
ossci  muscles,  were  so  wasted  as  to  render  the  hand  nearly| 
of  tiie  left  hand  were  also  fiomewhat  wasted,  so  that  the  ] 
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Once  a  week  the  patient  was  submitted  to  general  faradization,  and  three  times  a  weel( 
to  galvanization  of  the  spue,  and  faradization  of  the  affected  muscles.  Spasmodic 
contraction  occa-sioaally  occurred  in  the  flexor  muscles  of  eitlicr  arm  and  hand,  and 
these  contractions  were  always  ag^avated  if  the  faradic  current  was  applied  to  these 
muscle<i,  while  a  mild  continuous  galvanic  current  afforded  great  relief.  The  above 
treatment  was  continued  uninterruptedly  for  four  months,  when  it  could  readily  be 
•een  that  there  was  an  appreciable  increase  m  the  size  of  the  atrophied  muicles,  csjie- 
cially  ihoM  between  the  thumb  and  index  finger.  He  wa.s  again  able  to  write  with 
considerable  readiness^  something  which  lie  harl  not  attempted  for  several  months 
His  limbs  had  gained  markedly  in  strength,  and  he  seemed  approximately  well. 

Progressive  muscular  atrophy  with  paralysis  of  the  extensor  muscles  of  the  hand'^ 
Decided  relief  under  local  faraditat ion  and  gafyaniiation  of  the  sympathetic — 
Dtplegic  contractions. 

C^SE  ex.— A  gentleman,  aged  40,  was  sent  to  us  by  Dr.  J.  J.  Crane.  There  was 
decided  paralyas  of  the  extensor  muscles  of  the  right  Iiand,  with  such  marked  atrophy 
of  the  muscles  at  the  base  of  the  thumb  as  to  caasc  both  the  then.ar  and  hyjiothenar 
eminences  to  stand  out  in  bold  and  angular  relict  Spasmotlic  contractions  of 
the  flcx«ir  muscles  occasionally  occurred,  and  he  was  annoyetl  by  sharp  neuralgic  pains 
in  the  affected  part.  These  symptoms  were  first  noticed  somewhat  more  than  a  year 
previously,  and  the  apparent  cause  was  a  violent  jerk  that  he  had  received  abi^ul  that 
time.  The  patient  was  treated  by  galvanization  of  the  ftympathetic,  and  faradization 
of  the  affected  muscles,  and  the  result,  after  some  twenty  seances  was  approximate 
relief  of  all  pain  and  tendency  to  spasmodic  contractions;  the  grasp  became  slrongcr, 
AIkI  the  patient  was  again  enabled  to  write  with  some  degree  of  readiness.  The  treat- 
ment was  not  continued  sufficiently  long  to  enable  us  to  test  m  this  case  the  power  of 
r«tra.tlizati(*n  tu  increa^  the  muscular  tissue. 

Wc  were  enabled  to  excite  iu  this  patient  the  sa<ailed  diplegic  contractions  of 
Kemok. 

J%fuJ^t*lar  atrophy  of  three  year:?  standing — Increase  in  site  of  the  atrop A ird  muscles, 
and  approximate  relief  of  associated  symptoms — The  patient  itHl  under  treat' 
rH^nt. 

Cask  CXI.— In  the  case  of  a  gentleman  of  50,  who  at  the   date  of  writing  is  still 

^    our  hands  receiving  treatment,  that  has  already  extended  over  several  months,  t!»e 

l^enefit   derived  has  been  oi  the  most  decided  character-     The  first  symptoms  of  the 

I  clU«A'«  Were  observed    three  years   prior.     When  we  first   saw  him,  there  was  very 

tnarked  atrophy  of  the  muscles  of  the  right  hand  and  to  a  less  extent  of  those  of  the 

Ici>  ;   "lii  atrophy,  moreover,  was  making  appreciable  progress  from  month  to  month. 

There  was  paralysis  of  the  index  finger  of  one  hand  and  the  little  finger  of  the  other  ; 

I  sudden  si»asinodic  contractions  of  both  hands  were  frequent  and  annoying,  and  there 

[  was  an  ulicr  inability  to  y/tlX^      Up  to  thii  lime  the  treatment   by  central  galvaniam- 

,  tion  comljJned  with  faradization  of  the  atroplued  muscles,  galvanization  of  the  flexors, 

with  occMional  stfances  of  general  faradization,  have  vastly  improved   the  patient   in 

every  "yniptuoi.     The  nutrition    has   been  so  far  improved  as  tosliow  an  appreciable 

tacrtase  ia  the  fii«  of  the  aiTecre<l  muscles.     There  has  been  an  approximate  recovery 

of  tf.e  par.i|yxcd  fingers  ;  sp.v^."'^'':  contractions  no  longer  annoy  him,  and  he  enjoys 

considerable  fa<;iaiy  j^ith  the  pcxu 
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Progressive  Myo-Sderotic  Paralysis  {Progrestivt  Muscular  j 
trophy)^  Pseudo-Hypertrophii  Paralysis, — This  disease  of  fhiWhooJ 
was  first  described  by  Dr.  Edward  Meryon,  in  a  paper  read  befote  tfe 
Royal  Medical  and  Chirurgical  Society,  December,  1851.  AcaK! 
subsequently  reported  by  Dr.  T.  King  Chambers,  in  the  Mcilico  Cb 
gical  Transactions,  1854.  The  disease  has  been  observed  in  two,! 
and  four  children  of  one  family.  The  disease  has  been  s>"ste 
studied  by  Duchenne,  who  was  the  first  to  set  it  before  the  prtife 
as  a  distinct  disease.  The  symptoms  of  this  aflfection  in  the  first  i 
are  weakness  in  the  lower  limbs  and  flexion  of  the  toes  ;  in  the  se 
stage,  increase  in  sise  of  the  muscles  0/ the  legs — especially  of  the  \ 
of  the  back,  and  of  the  gluteal  muscles  ;  in  the  third  stage,  cxt« 
the  disease,  muscular  atrophy,  exhaustion,  and  death. 

Electro-Diagnosis. — Farado-rauscular  contractility  usually  dimimAcd; 
galvano-muscular  contractility  may  be  either   normal  or  c;i 
electro-muscular  sensibility  is  sometimes  diminished,  sometimes  ; 

Prognosis. — The  patient  is  pretty  sure  to    die  in  the  course  of  i 
years.     In  the  second  stage  the  symptoms  may  remain  siationaiy  i 
long  time.     Benedikt  was  able  to  improve  a  case  of  two  yearV  : 
by  galvanization. 

Treatment. — Faradization  and  galvanization  of  the  affected  ni» 
cles,  central  galvanization,  and  galvanization  of  the  sympathetic,  ibotli 
all  be  tried  in  succession  or  alternation. 


CHAPTER  XXIV. 


RHEUMATISM    AND    GOUT, 


'Rheumatism  is  a  disease  for  which  electricity^  by  various  methods  of 
>pUcation,  has  been  employed,  with  more  or  less  success,  from  the  early 
tods  of  the  history  of  eleclro-therapeutics.  Next  to  paralysis,  it  is 
rhaps  the  disease  in  which  the  original  experiments  of  eleclro-lhera- 
leotists  were  most  frequently  conducted  :  and  for  the  reason  ihat  (like 
inlysts)  it  is  so  frequently  obstinate  to  ordinary  remedies. 

Trtatmrnt. — Being  a  constitutional  disease,  it  demands  constitutional 
ttatment.  The  best  results  are  obtained  by  general  faradization,  com- 
bined with  faradization  or  galvanization  of  the  aflfected  joints.  To  con- 
fine the  treatment  to  the  affected  joint  is  unjihilosophical,  and  usually 
wore  or  less  unsatisfactory,  for  the  obvious  reason  that  it  attacks  merely 
*  loal  symptom,  which  at  any  time  may  be  transferred  to  other  and 
wnote  parts  of  the  body.  The  true  method  is  to  lay  the  axe  at  the  root 
cf  the  tree  by  making  the  applications  general,  so  as  to  bring  the  whole 
*ysiera  under  the  influence  of  the  current.  This  treatment  sometimes 
*4uscs  increase  of  the  flow  of  urine,  and  almost  always  more  or  less  ex- 
wUxatioo,  and  relief  of  the  pain.  Special  attention  should  be  given  to 
«*€  parts  which  are  chiefly  affected,  and  the  swollen  joints  should  be 
by  mild  and  steady  faradization  or  galvanization.  Where  in  the 
!e  or  subacute  forms  the  immediate  effects  are  agreeable,  it  is  prob- 
that  continued  treatment  will  be  of  service.  For  the  local  treat- 
'Cut  the  galvanic  and  faradic  current  may  be  used  alternately. 
The  effect  of  the  current  on  the  inflamed  joints  is  to  relieve  the  pain, 
:e  the  inflammation,  and,  where  effusion  has  taken  place,  to  cause 
tion.  Absorption  maybe  caused  by  both  currents,  in  some  cases 
ore  powerfully  by  the  galvanic.  If  the  currents  are  used  too  strong 
too  long,  the  pain  and  inflammation  may  be  increased.  For  appU- 
*ioos  to  very  sensitive  and  painful  joints,  the  positive  pole  is  prefer- 
'le(sec  p.  281).  For  rheumatic  callosities  and  anchylosis,  very pro- 
^''^ri/ local  applications  of  the  galvanic  current  may  be  tried. 
Prognosis. — In  presenting  the  prognosis  of  rheumatism  great  stress 
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must  be  laid  on  the  distinction  between  the  chronic^  suhactttt,  and  i 
cular  varieties. 

During  our  earlier  investigations  in  electro -therapeutics  we  trctteii 
perhaps  as  many  cases  of  rheumatism  as  of  any  one  class  of  < 
The  apparent  results  of  treatment  by  electri/ation  in  manj  cases  oCI 
cular,  and  in  a  number  of  cases  of  the  acute^  sub.icute,  and  chronic 
eties  of  articular  rheumatism,  excited  our  enthusiasm,  and  ledustol 
that  a  remedy  had  been  found  that  would  prove  very  generally  and  pwF'l 
erfully  remedial  in  all  forms  of  this  disease.  Further  experience 
investigation  compel  us  to  declare  that  we  are  not  to  expect  such  i 
and  decided  benefit  from  electrisation  in  the  worst  cases  of  ekrfimi€mti\ 
cular  rhaitnalism  as  we  at  first  sup])osed. 

The  most  uniform  results  are  obtained  in  the  muscular  form  ;  tljc  aoX 
best  are  the  subacute  and  acute,  and  the  least  satisfactory  o^  all  in  Ac 
chronic  stages. 

A  good  opportunity  to  note  the  immediate  etTcct  of  electrijorioa  i 
afforded  in  those  cases  where  the  disease  is  of  such  severity'  as  to  rc«Aff  1 
any  of  the  muscles  of  the  body  almost  if  not  quite  powerless. 

Rhtumatic  paralysis — Decided  retief  under  gentrat /ar^itatitm . 

Cask  CXII. — The  sufferer  was  a  little  boy,  who  for  several  tnonlhs  had  beta  ».-? 
with  both  acute  and  chronic  musctilar  rbciiinatisra.  The  stcmo-clciJosiitJ.-.k 
and  the  platysma-myoidcs  muscles  were  very  rigid,  and  frequently  confraLted  i».'.' 
causing  acute  pain.  The  patient  was  unable  to  bring  his  jaw«  nearer  to  each  oti^ 
onc'half  an  inch,  while  it  was  impossible  for  him  to  turn  the  bead  onetlbcr  ukt,  -■ 
out  at  the  same  time  turning  the  whole  body. 

The  entire  head  was  exceedingly  sensitive  to  slight  pressure  with  the  6n0CTV  Tfci  I 
first  application  was  made  with  an  exceetlingly  mild  Juid  fine  rartu!tc  cufTcnt,  i 
of  ten  minutes'  duration.  With  the  hand  and  fingers  as  elortrodesy  we  c»eMvt»-  I 
nipulated  the  head,  neck,  and  individual  muscles,  until  the  patient  coulil  do«ehi>i 
and  turn  his  head  to  either  side  with  some  freedom,  and  without  sufierin|P  nibi «  ^^  I 
veniencc, 

In  about  a  week  the  patient  agaia  pre^nted  himselC  He  ooold  stfll  dosiit  P^  I 
firmly,  but  mtis  unable  to  turn  his  head  as  readily  as  before.  A  vboatA  aiiifc  i'm  I 
relieved  him  as  completely  as  the  hr&t.  To  our  regret  we  s*w^  qo  more  of  (Im  • 
after  the  second  visit,  but  learned  subsequently,  however,  that  he  letainfod  tlK  ■qn 
ment,  and,  under  internal  medication,  recovered. 

iHlereostal  rheumatism  of  long  ttanding— Impravtmtnt  under  gemtrml  fmr^i^ 
Case  CXIII.— A  gentleman,  sent  to  us  by  Prof.  Austin  Flint,  was 

cured  of  chronic  rheumatism  that  chiefly  affected  the  intercostal  tnoscloL 
For  nearly  three  years  he  had  suffered,  from  time  to  time,  attacks  of  I 

peverity,  although  .at  no  time  since  the  disease  fir^t  manifevted  UkI/  ted  1*1 

entirely  free  fnim  it. 
It  was  a  singular  feature  of  his  disorder  that  it  was  aegravatcd  Iw  the  \ 
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ipring  tnd  sumrner.  He  was  rreated  by  general  electrization  with  the  Hiradic  cur> 
Dt  every  other  day  for  six  weeks.  He  gradually  improved,  and,  when  treatment 
IS  discontinued,  lie  remained  comparatively  free  from  any  symptoms  of  hi'i  late  dis- 

^ktcaie  ortieulAr  rheumatism — Muscular  soreness  and  enlargement  of  joints  re- 
lieved i>y  three  general /aradiiattons, 

CaskCXIV. — Bylhecourte-syof  Prof.  Austin  Flint  wc  treated,  in  October,  1867, 
oae of  subacute  irticular  rheumatism  in  one  of  the  wards  of  Bellevuc  Ho-ipUal.  For 
nonths  the  patient  hat!  sufTcred  from  muscular  soreness  of  the  back  and  shoulders, 
Icrable  enlargement  of  the  right  wrist  and  anUIe  and  the  joints  of  the  first 
the  feet.  Three  general  applications,  with  siwcLiI  reference  to  the  diseased  parts, 
ifis^pated  the  muscular  soreness,  and  so  decidedly  relieved  the  lameness  and  reduced 
Ike  enlargments  of  the  joints  that  the  patient  was  discharged  from  hospital  in  three 
weeks. 

Both  acute  and  subacute  rheumatism  occasionally  occur  complicated 
irith  neuralgia  and  nervous  exhaustion,  and  are  usually  very  persistent. 

SlAante  rheumatism — Right  deltoid  muscle  and  several  j.nttts  and  Jingcrs  and  left 
hue  affected— Dehility^Recovery  under  general faradiziiiian. 

CxstCXV. — A  gentleman,  aged  about  40,  observed  and  treated  by  invitation  of  Dr. 
Howard  Pinkney,  in  Octo.ber,  1867^  was  sulTering  acutely  from  rheumatic  paralysis  of 
Uk  right  (icllutd  muscle,  symptoms  of  inflammation  of  the  sheath  of  the  right  ulnar  nerve, 
Welling  of  several  of  the  joints  of  the  fmgers  of  the  left  hand,  and  a  very  painful  cnlarge- 
tmi  of  tl;e  left  knee,  and  great  debility.  It  h  proper  tu  &tate  that  the  patient,  as  well 
»ki» physician,  ascribed  his  great  nervous  prostration  partly  to  recent  and  excessive  dls- 
•»J»tkm.  The  first  application  of  the  faradJc  current  not  only  greatly  rcil weed  the 
'"■peniture  of  the  afrccte<l  limbs,  but  restored  in  some  degree  the  lost  power  of  mo- 
'•W  10  the  right  arm.  Under  the  influence  of  the  current,  the  leg  incrca<«d  in  size  and 
'*«uiaed  in  this  con<lition  for  about  a  week,  when  the  swelling  rapiidly  subsided.  The 
*«»t  iJi  the  inflamed  joints  did  not  again  rise  to  the  same  temperature,  and  the  paraly* 
*ofthe  Arm  progressed  gradually  towards  recovery  from  the  first  application, 

Aiiwtbesi*  of  the  deltoid  was  a  marked  symptom  ;  but,  as  is  usually  the  case,  it  was 
'**ltly  dissipated, 

Trwitnient  by  electrization,  together  with  potass*  bromid.,  was  continued  from  Oct, 
'W  to  Nov.  9th,  when  the  patient  was  discharged  as  approximately  cured. 

^"^oeute  articular  rheumatism  of  nine  months'  standing — Approximate  recovery 
•laVr  general  faraditcUion  and  galvanization  of  the  sjiine,  sympathetic^  and 
fiar  plexus. 

Cask  CXVI. — Mr.  S.,  aged  40.  had  for  nine  months  suffered  constantly  from  sub- 
acute ftrticniar  rheumatism.  The  paroxysms  varied  in  severity^  and  the  scat  of  pain 
*'>'l»wcUing  was  constantly  changing  from  the  finger-joints  to  the  wrist  and  elbows, 
'*  iSc  shoulders,  hips,  kne^s,  and  ankles.  The  most  constant  loctition  of  the  disease 
•*ii>in  the  ankles  and  wrists,  and  in  consequence  incapacitated  him  from  pursuing  his 
>»waJion  of  a  book-keeper.  He  was  treated  first  by  general  faradization  March  I7tb, 
IS7J,  uui  in  ft  couple  of  days  the  galvanic  current  frum  teu  ordinary  xinc  c&rboD  cetlf 
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was  directed  along  the  spine  from  the  sixth  cervical  vertebra  to  the  soUr 
mcthod  of  treatment,  which  was  conlinued  for  two  months,  grad 
tendency  to  swelling  and  irritation  of  the  joints,  and  enabled  the  patient 
business. 

When  the  treatment  was  discontinued,  he  had  not  entirely  recovered,  bat 
the  summer  he  improved  still  further  and  through  the  fullowing  winter  »nf 
was  so  little  annoyed  by  his  old  enemy  as  at  no  time  to  be  compelled  to  ioti 
duties  of  writing,  even  for  a  day. 

Myaigia  {^Muscular  Rheumatism), — This  natne  is  comnionly 
to  neuralgic  or  rheuniiiic  pain  of  the  muscles  on  njoveinrnt,  cans 
ally  by  exposure  to  cold  or  dampness.  It  may  be  distinguished 
ordinary  neuralgia— ^rx/,  by  the  fact  that  the  pain  occurs  chie 
movement  and  not  on  rest ;  and,  secondly,  by  the  fact  that  the 
ness  is  diffused  through  or  over  the  muscles,  and  not  seated  or 
in  certain  nerve  tracts.  It  receives  different  names  according  to 
cality.  In  the  back  it  is  called  lumbago ;  in  the  thoracic  mi 
plcurodyniti ;  in  the  neck  it  simulates  torticollis  or  »Ty-neck  sod 
as  oftentimes  to  be  confounded  with  that  affection  (sec  Torticoliisj 

Treatment. — Local  faradization  with  a  mild  current,  either  stab 
labile,  usually  relieves  such  cases  in  a  short  time.     Stable  galvanu 
also  with  a  mild  current  may  be  at  once  effective.     Severe  applia 
may  increase  the  pain  in  this  affection.     The  fact  that  the  piii 
not  at  once  relieved,  or  is  worse  after  the  first  application,  should 
discourage  us,  since  the  final  result  may  be  satisfactory.     Of  the  \b\ 
number  of  cases  that  we  have  treated,  nearly  ill  have  been  relieroili 
one,  two,  or  more  applications.     A  single  application,  with  a 
rent,  prolonged  for  one  or  more  hours,  may  sometimes  entircljrdi 
an  attack  of  myalgix 

It  is  in  myalgia  that  the  belts,  chains,  bands,  disks,  etc.,  worn 
body,  have  obtained  the  best  results.     A  convenient  arrangemi 
making  prolonged  or  continuous  local  applications  of  very  mild 
currents  is  the  electric  disk  of  Dr.  Garratt. 


•  •  •  d'C'S^ 


Fio.  114. 
Circle  Disk. 


Kio.  MS. 
Oblong  Button  Dbk. 


l*hese  are  made  of  alloy — magnesium  and  zinc — for  the  ncgativi 
silver  for  the  positive  pole.    The  surface  of  the  body  forms  a  1 
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tkection  between  the  pairs,  which  are  insulated  by  thin  rubber.     The 

disk  is  made  in  two  general  varieties — the  circular  and  ihe  oblong, — 

the  latter  being  used  for  the  limbs  or  back ;  the  former,  which  is  very 

dcxible,  can  be  applied  to  almost  any  portion  of  the  body.*     The  very 

slight  galvanic  action  of  these  disks,  which  is  excited  by  the  moisture  of 

the  body,  may  be  increased  by  wetting  the  skin  beneath  them  with  salt 

water.    They  should  only  be  worn  a  part  of  the  time,  either  in  the  day 

or  night.    They  may  be  used  for  weeks  and  months. 

That  these  and  other  similar  contrivances,  when  scientifically  con- 
slTucled,  may  relieve  slight  local  and  superficial  pains,  there  is  no  ques- 
tion. In  the  treatment  of  deep-lying  affections  of  the  brain,  spinal  cord, 
and  viscera,  or  severe  neuralgia,  very  many  important  results  iiave  not 
yet  been  reported  for  them.  The  results  that  appear  under  their  use 
may,  i>erhaps,  be  sometimes  explained  in  part  by  their  effect  on  the 
iuiaginaiion  of  the  patient,  and  by  tlie  counter-irritation  which  they  un- 
questionably excite  when  long  worn.  To  differentiate  these  effects  is 
quite  ditficult. 

Cmfltte  rtlief  of  muscular  rheumatism  of  several  years'  standing  by  a  dnen  appli- 
cations  of  general  faradization. 
Case  CXVII.— Mr.  F.,  a^jed  30,  was  directed  lo  us  by  Dr.  Thompson.  The 
pttient  «ru  of  a  delicate  constitutiun,  amJ  frum  childhood  had  been  exiremely  sus- 
oqpUble  to  all  extenial  influences.  A  few  years  previous  to  his  visit  lo  usi,  he  l>egan  to 
l« SCTWely  affected  by  muscular  rheumatic  pains  having  their  seat  more  especially  Ln 
b«h  iliouldcrs  and  the  chest. 

He  becime  anxmic  and  suffered  much  from  cardiac  palpitations.  He  was  at  once 
••inirilled  to,  and  treated  only  by  general  faradization  in  its  most  thorough  form. 
'*effecb  were  immediate  and  decided.  He  suffered  less  from  the  first  seance,  and 
">  ifirce  weeks  after  the  administration  of  a  dozen  applications,  the  relief  the  patient 
**poienccd  was  complete. 

^>"(uldr  rheumatixtH  of  thi  hips  and  limbs  existing  a  month — Rapid  recovery  under 
faradisation  of  the  affected  parts. 

Case  CXVIII.— Mr,  S.,  an  old  gentleman  of  65,  wa»  referred  to  us  by  Dr.  J. 
0  Farrington. 

^e  (>aticnl  was  sufleriug  acutely  from  pain  and  lameness  across  the  lower  portion 
oHhc  back  and  hips,  while  both  thighs  were  so  exquisitely  sensitive  as  to  render  him 
*'t«rly  unable  to  walk-  These  sj-mploms  had  resulted  from  exposure  lo  cold  a  month 
PfCTiouily,  and  haii  resisted  various  methods  of  treatment.  Faradization  of  the  affected 
P*''lsoiu;  evening  just  before  retiring  did  not  immediately  allay  the  pain  and  teoder- 
"'^ibut  the  following  morning  found  hira  able  to  take  a  few  steps  with  comparative 
^Wlurt,  and  by  evening  he  had  very  perceptibly  improved.  The  same  application, 
'opened  on  successive  evenings,  enabled  the  patient  in  the  course  of  a  week  to  walk 
^b  considerable  ease,  and  in  a  fortnight  all  lameness  had  disappeared. 

•For  ««nsitivc  patients,  and  esf)ecially  for  lafJics,  the  oblnng  "  button-disk"  is  ustt- 
y  U>  W  taeferted,  oo  account  of  it&  greater  lighlueu  and  flexibility. 


electrical  treatment. 

With  some  gouty  patients  the  electrical  treatmcii 
that  we  are  disposed  to  resort  to  it  during  the  subsi< 
to  relieve  the  pains  and  hasten  recovery.  Galvani 
joints  does  not  seem  to  produce  the  absorbing  en 
could  be  desired,  although  when  judiciously  used  i 
thing,  \Vhether  any  benefit  can  be  derived  from 
tion  during  the  acute  stages,  we  are  unable  to  say, 

Goitt  of  thirty  jffar^  standing  in  a  gentleman  sixty  yean 
from  general  faradiuttion  in  the  subsiding  st/igt 

Case  CXIX.— Mr.  W ,  a  retired  geniletxun  of  60  yd 

adcrable  case  for  a  numt)cr  of  years,  consultei  us  March  20^ 
he  had  suffered  from  attacks  of  gout,  especially  during  the 
When  he  first  consulted  us,  he  was  in  the  subsiding  stage  c 
gave  him  four  applications  of  general  faradization  that  reliw 
to  hasten  his  return  to  his  usual  condition  of  health  during  theli 
the  patient  re^irted  to  electrical  treatment,  with  decide<i  heneC 
ment  had  the  effect  to  diminish  the  violence  or  frequency  of 
been  informed. 

Rheumatic  Gout  {Arthritis  nodosa). — ^This  affo 
nor  rheumatism,  but  appears  to  be  a  distinct  co 
It  occurs  most  frequently  in  the  delicate  and  the 
regarded  as  essentially  a  condition  of  debility.     It  ifl 
the  hands,   hngers,   and  toes,  and  sometimes  tho 
patient. 

Treatment. — This  condition  is  most  successfull| 
and  electrization,  more  for  its  tonic  etfects  on  the| 
special  catalytic  power  over  the  enlarged  joints, 
central  galvanization,  and   galvanization  of  the 
methods  that  exj^erience  has  shown  to  be  most  us 
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troublesome.  As  nearly  all  patients  afflicted  with  rheumatic  gout  are 
in  a  condition  of  debility,  the  improvement  experienced  at  first  under 
general  faradization  is  such  as  to  lead  them  to  hope  for  a  permanent 
eradication  of  the  disease.  In  this  respect  they  are  always  disappointed. 
The  disease  may  be  held  at  bay,  but  is  never  banished.  It  is  doubtful, 
indeed,  whether  the  benefit  is  not  entirely  due  to  the  tonic  effects  of  the 
treatment  on  the  system,  and  not  at  all  to  any  special  influence  over 
the  rheumatic  gout. 

Other  remedies  are  so  powerless  in  this  affection  that  electrization 
is  worthy  of  a  trial  for  the  sake  of  its  general  effects.  We  have  treated 
a  number  of  cases  by  general  faradization,  central  galvanization,  and 
local  galvanization  of  the  affected  joints,  with  palliative  and  tonic  effects 
of  a  most  decided  character.     Dr.  Althaus  has  had  similar  experience. 


CHAPTER  XXV. 


SPASMODIC   DISEASES. 


Of  spasmodic  diseases  this  general  law  holds,  that  when  recent,  even 
though  violent,  they  yield  readily  to  electrical    treatment ;  but  « 
long  standing,  they  are  easily  palliated,  cured  with  difficulty,  and 
prone  to  relapse. 

Writer's  Cramp. — This  aftection  is  not  peculiar  to  writers.  An 
ogous  condition  may  attack  seamstresses,  milk -maids,  and  others 
callings  compel  them  to  use  for  a  long  time  a  certain  set  of  the  wwyVf 
of  the  hand.  It  is  believed  that  the  affection  is  not  purely  peripbenl, 
but  that  it  frequently,  if  not  always,  is  connected  with  disease  of  Jh« 
upper  portion  of  the  spinal  cord. 

Whether  found  in  the  artist,  rendering  him  unable  to  roaniuuUtc 
brush — the  pianist,  preventing  him  from  fingering   his  instrument 
the  penman,  causing  his  writing  to  be  almost  if  not  quite  illegible 
same  general  characteristic   is  observed,  viz.,  the  recurrcDcc  o( 
or  pain  whenever  an  attempt  is  made  to  execute  a  special  movemeaL 

Pains  resembling  neuralgia  or  rheumatism  so  closely  as  to  be  coc 
founded  with  those  diseases,  frequently  accompany  writer's  crajnp. 

The  prognosis  in  the  early  stages  is  sometimes  favorable  for  a  iKifcct 
cure;  advanced  stages  of  long  standing  cases  are  usually  rebeUioEs; 
but  even  these  may  be  much  relieved.  Hesi  from  th€  otcnp^tim  a 
almost  imperative. 

The  treatment  should  be  both  central  and  peripheral.  Galvamttliaa 
of  the  upper  portion  of  the  cord  and  of  the  median  and  radial  v^em% 
spinal  cord,  plexus,  and  nerve-currents,  and  faradization  of  the  affetrtcd 
muscles  and  of  their  antagonists,  may  be  tried,  and  when  ancsr^r-; 
exists  the  wire  brush. 

Unfortunately,  however,  those  who  are  most  frequently  > 
writer's  cramp  are  the  very  ones  who  are  unable  to  take  the  :i 
rest. 

Although  the  results  of  treatment  by  electrijcation  in  this  wi«ty  d 
palsy  is  by  no  means  uniform,  yet  it  has  undoubtedly  been  followoi  - 
many  instances  by  approximate  and  even  perfect  recovciy. 
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tVriter*s  cramps  existing  for  four  years — ImprcDement  under  faradiiation  and 

gahanisatiom. 

Case  CXX.— For  four  years  the  patient,  a  gentleman  aged  35,  had  observed  a  cer- 
tain loss  of  power  in  the  thumb  and  index  finger  of  the  right  hand,  that  became  more 
decide*!  and  annoyed  him  more  and  more  seriously,  so  that  about  a  year  previous  to 
his  visit  to  us  he  was  enabled  only  with  difficulty  to  write  the  few  pages  daily  that 
his  business  required. 

The  patient  was  unable  to  fully  extend  the  thumb  and  index-finger,  and  on  localii- 
ing  the  faradic  current  through  the  flexor  longus  pollicis  and  the  adductor  pollicis, 
there  was  a  marked  decrease  in  the  electro-muscular  contractility.  The  flexors  and 
extensors  of  the  other  fmgcrs  responded  normally  to  the  influence  of  the  current.  The 
inner  surface  of  the  hand  was  decidetUy  anaesthetic,  while  he  complained  of  a  constant 
soreness  of  the  wrist  that  at  times  became  r^uite  painful. 

We  l)^3n  with  the  farsulic  current,  lucalLtlng  it  through  the  two  muscles  of  the 
thumb  specially  affected,  and  also  making  the  application  more  general  through  arm, 
wrist,  and  hand. 

This  method  completely  dissipated  the  annoying  uuesthesia  and  soreness  of  the 
wrist,  but  resulted  in  no  other  benefit, 

A  mild  galvanic  current  from  six  Bunsen's  cells  was  more  effectual.  Twelve  appli- 
cations resulted  in  a  considerable  increase  of  strength  in  the  affected  hand,  and  the 
flexor  muscles  of  the  thumb  and  imlcx-finger  very  decidedly  relaxed,  so  that  he  was 
readily  enabled  to  accomplish  two  or  three  times  more  in  the  way  of  writing  than 
before. 

In  some  cases  of  writer's  cramp,  and  especially  in  the  early  stages, 
ancesthesia  or  numbness  is  the  leading,  if  not  the  only,  symptom.  This 
may  appear  long  before  the  oramp. 


Ituipient  writer*  s  cramp  in  an  editor — Profound  loral  amrsthesia — Rapid  relief  under 
localixed  faradization  and  gatvaniisatioH. 

Cass  CXXI. — Mr.  H.  C.  B.,  a  gentleman  over  60  years  of  age,  a  prominent  edi- 
tor, was  referred  to  us,  November  20,  1S72,  by  Dr.  C.  L.  Mitchell. 

The  only  symptom  of  which  the  patient  complained  wxs  a  numbness  of  the  last  two 
phalanges  of  the  right  index-finger.  The  electro-sensibility  was  so  much  diminished 
that  a  strong  faradic  current,  which  on  the  third  phalanx  and  all  the  other  fingers  of 
the  hand  was  intolerable,  was  but  little  felt  on  the  last  phalanx,  and  caused,  indeed, 
rather  an  agreeable  sensation.  The  aesthcsio meter  also  indicated  great  anaesthesia. 
The  muscles  all  responded  well  to  the  will  and  to  electricity.  The  symptoms  had 
existed  alxjut  two  weeks,  and  had  come  on  gradually.  There  was  no  evidence  of 
cerebral  difficulty  or  of  spinal  sclerosis;  in  all  other  features  except  the  numbness, 
and  a  dight  feeling  of  weakness,  or  rather  of  nervousness  in  the  arm,  the  patient  is 
welL 

At  that  stage  there  was  no  tingling  or  pricking  sensation,  no  neuralgia,  and  no 
spasms. 

We  made  the  diagnosis  of  incipient  writer's  cramp,  partially  by  exclusion,  and 
partially  by  the  positive  symptoms  of  numbn^s  and  weakness  in  the  parts  concerned 
in  writing. 


Faradization  with  sponges  and  the  metallfc  brush  gave  immediate  relief; 
sitting  did  much  toward  restoring  the  sensation.  In  nine  days  five  siipUotlan J 
only  the  last  phalanx  of  the  index-finger  remained  anaesthetic  This  part  ««sobit> 
Hate  throughout,  especially  on  the  very  lip  of  the  finger. 

The  patient  now  felt  that  he  was  well,  and  closed  his  visits,  stm  woiridog  as  tnaal 
with  his  pen  as  hard  as  ever  almost  all  day  long. 

December  7th  he  returned^  with  a  return  of  the  symptoms  of  aombneai^  <nai^ 
cated  with  pricking  and  tingling  sensations^  neuralgia  of  the  arni,  and  great  dridilj. 
Long  writing  caused  great  uneasiness. 

Absolute  rtst  from  writing  was  now  demanded,  and  the  patient  obeyed,  : 
his  brain,  but  employing  a  secretary.     Again  he  began  to  improve  under 
faradization  and  galvanization,  and  galvanltation  of  the  upper  part  of  the 
cervical  sympathetic. 

January  1,  1873,  he  was  very  much  better — indeed,  nearly  well  Tint  day  Is 
slipped,  and  fell  down  the  steps  of  his  house,  and  struck  on  t  he  hand  atwl  shoulder  of 
the  affected  arm.  The  shock  lamed  him  greatly,  and  caused  for  a  long  tine  «*><*««— 
and  much  pain  of  the  sliouldcr. 

The  electrical  treatment  was  renewed,  January  t4th,  and   continued  every  otkcr 

day  during  the  month,  with  satisfactory  results.     The  enforced  rest for  the  n***^ 

was  confined  to  the  house — co-operated  with  the  electrical  treatment. 

Torticollis  (  Wryneck), — This  familiar  disease  consists  in  a  ; 
the  muscles  of  the  neck,  by  which  the  head  is  drawn  to  on«-  swif< 
spasms  may  be  tonic  or  clonic. 

Although  the  pathology  of  the  (disease  is  obscure,  it  is  vet 
that  it  is  of  a  nervous  character.     More  than  by  any  other  1  1 
brought  on  by  excessive  mental  labor  or  anxiety.      The    srmatoatf 
usually  come  on  gradually  ;  the  muscles  of  the  neck  on  t'  '    icirad 

which  the  neck  is  turned  are  sometimes  flabby  and   atr^j  w^  tbt 

muscles  on  the  other  side  are  hard,  lumpy,  and  enlarged.  Frcqiicntlf 
the  deeper  muscles  of  the  neck  are  involved,  as  well  as  the  stcnjo- 
cleido-masloid  and  trapezius.  The  spinal  accessory  nerve  would  «>• 
pear  to  be  at  fault.  The  condition  is  really  a  kind  of  ^^  partial  ckrrtM.' 
analogous  to  writer's  cramp,  facial  spasms,  spasm  of  tht  eythd,  and, 
like  all  these,  is  usually  very  obstinate,  except  in  the  nulil  form  aad 
early  stages.  The  disease  is  frequently  brought  on  by  excitnunt  §r 
worry. 

Diagnosis.— The  disease  shotild  not  be  confounded  with  rOTiiir^ 
stiff-neck  that  is  caused  by  rheumatism  of  the  muscles  of    '  V  y* 

is  analogous  to  lumbago.     In  stiff-neck,  which  usually    \,  .-r, 

zation  like  other  forms  of  myalgia,  the  head  is  kept  from  momM  by 
the  pain  which  movement  causes.  Diseases  of  spine  and  dtsca^d  c^ 
the  brain  sometimes  produce  tonic  spasms  of  the  muscles  of  the  ocd 
that  resetnble  torticollis. 


TORTICOLLIS  CASES. 


551 


Electric  Examination.  — On  the  affected  side  *  the  muscles  sometimej 
exhibit  increased  electro-uiuscular  contractility  and  sensibility.  Oq 
the  other  side  the  electro-rausciilar  contractility  is  sometimes  dimin- 
ished. 

Treatment. — Galvanization  of  the  muscles  of  the  affected  side  with 
mild  currents,  and  faradization  of  the  muscles  of  the  other  side,  galvani- 
zation of  the  sympathetic  and  cervical  spine,  are  the  methods  that 
should  be  tried  in  this  disease.  They  may  be  tried  simultaneously  or 
in  succession. 

Protracted  applications  are  not  ordinarily  indicated  in  this  affection. 
General  treatment  is  only  required  when  the  patient  is  debilitated. 

In  connection  with  the  use  of  electricity,  the  hypodermic  injection 
of  morphine  and  counter-irritation  of  the  cervical  spine  by  blisters,  and 
mechanical  contrivances  for  keeping  the  head  in  position,  may  be 
tried. 

Prognosis. — In  the  early  stages  torticollis  may  be  relieved  or  cured 
by  electrical  treatment  alone.  After  it  has  been  established  for  a  num- 
ber of  months,  it  becomes  one  of  the  most  intractable  of  diseases. 
Even  when  relieved  by  treatment,  it  is  much  disposed  to  relapse.  No 
case  should  be  abandoned  until  both  galvanic  and  faradic  treatment 
has  been  thoroughly  tried,  since  it  is  the  only  method  of  treatment  that 
offers  even  any  hope ;  and  the  physician  should  not  be  discouraged  if 
the  symptoms  appear  to  be  aggravated  by  the  first  few  applications,  but 
should  reduce  the  strength  of  the  current  and  the  length  of  the  stances. 
The  same  remark  will  apply  to  analogous  diseases,  such  as  writer's 
cramp  and  facial  spasm. 


Tortkotlis  of  long  standings  brought  on  by  <n>er -confinement  and  anxiety — Somt  rt- 
lief  from  faradizathn  and  galvanisation. 

<!aSR  CXXir.— Mr.  K .,  aged  40,  was  sent  to  us  June,  1870,  by  Dr.  MTillftrd 

Parlcer,  For  several  years  before  the  attack  appeared  he  had  licen  in  his  usual 
health,  but  had  been  severely  confined  and  much  distressed  by  the  cares  of  business. 
The  symptoms  appeared  gradually ;  ihey  were  at  first  slight,  and  only  developed 
their  full  force  after  several  weeks.  When  we  first  saw  him  he  had  been  suffering 
for  several  months.  His  face  was  almost  constantly  turned  toward  the  left  side. 
On  the  opposite  side  the  stemo-clcido  mliscle  was  considerably  hypertrophied,  and 
on  Mie  other  flabby.  The  position  of  his  face  and  the  violence  of  the  cramp  were 
much  dependent  on  mental  influences,  being  aggravated  by  exhaustion  or  worry. 

Ettctric  examination  showed  increase  of  electro-muscular  contractility  m  the  af- 

•  It  should  tie  considered  that  the  stcroo-cleido-niastoid,  as  it  pulls  the  back  of  the 
ktad  toward  the  shoulder,  ttirnt  the  fare  in  an  opposite  direction.  The  face  tktrt^ 
fore  it  turned  away  from  the  affected  muscle. 


fected  side,  and  diminution  on  the  oppoMte  side  (towards  which  tlie  fa«e  \ 
Careful  examination  revealed  no  evidence  of  disease  of  the  vertebrae:. 

The  patient  was  treated  6y  stahle  gah'attisation  of  tke  hyp<rtrepki*d  ami  kardtmd 
muscle,  by  spinal-cord  brachial plactts  current,  by  gahitnitati^n  0/  tkt  r/ajWlirflf 
and  spine,  by  faradiiation  0/  the  fiabhy  mnstlts  0/  thi  opposite  »4t^  astd  *r 
general faradisatian.  In  three  weeks  there  was  positive  but  not  marketl  impmrf 
ment ;  there  was  decrease  of  the  hypertrophy  of  the  muscle  and  some  diauBfllMK«C 
the  spasm. 

As  is  so  often  the  case,  the  patient  appreciated  the  benefit  of  llie 
treatment  after  resting  for  two  or  three  weeks,  even  more  than  while 
receiving  the  application.  Unfortunately  the  very  sudden  de&AoTa 
near  relative  severely  shocked  his  nervous  system,  and  caused  %  fdipae 
of  the  torticollis. 


''^ygirfyMrtwB 


Torticollis  of  thrte  years*  duration. —  Great  relief  afforded  ^y  laealfA 

Case  CXXIII. — Mr.  John  B.,  aged  60,  a  teacher  by  professiao»  coitaitcd 

June,  iSyr. 

Some  five  years  before  he  had  a  slight  effusion,  followed  by  hemiplegia  of  Ibe] 
side.      He  gradually  improved,  and  in  a  year's  time,  was  able   to  movr    »Uiut 
ease,  and  to  attend  to  the  onlinary  duties  of  his  profeKsion. 

About  this  time  he  noticed  an  increasing  tendency  for  tlje  liead  to  tuj  u  ;■•  i; 
side,  until  in  the  course  of  six  months,  the  chin  rested  permanently  on  ihe  ri^t 
and  it  was  only  by  a  considerable  effort  that  he  was  able   to    return  t' 
normal  position,  and  then  only  for  a  moment.      Kor  three  years  he  rei 
condition,  neitlier  improvmg  nor  growing  decidedly  worse. 

The  patient  was  withal  much  annoyed  by  involuntary  jerking  of  the  1e^  «ti 
deido  mastoid  muscle,  occurring  even  when  he  was  asleep.      We  .1 
current  to  both  sterno-cleido  muscles,  treating  the  left   side  genii 
treme  irritability,  while  currents  of  greater  strength  were  applied   lo  the  cool 
muscle  of  the  other  side.     After  each  seance,  the  patieiit  was   enabled  to 
head  more  readily,  and  hold  it  in  position  with  less  effort,  and  was  soon  able  in 
comfortably  on  the  right  side  for  the  first  lime  in  several  years.      Bui  ^ 
were  given. 

Paralysis  Agitans  (Shaking  Palsy). — ^Thcre  are  two  IcitKls  %A  ibak- 

ing  palsy : — 

I  St.   Tliose  wiik  tfrganic  lesions. 

Sclerosis  of  some  form  is  the  pathological  state  that  usually  giTm 
to  the  symptoms  of  shaking  palsy. 

2d.  Those  where  no  lesion  ean  be  disctwered. 

These  are  usually  styled  functional,  although,  like  hysteria,  they  i 
be  supposed  to  depend  on  some  molecular  derangements  which 
not  revealed  to  the  microscope. 

The  disease  may  be  local  or  general ;  it  may  attack  one  limbv  0"^ 
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lower  jaw,  or  all  four  extremities.  It  is  most  frequent  in  the  aged,  but 
is  sometimes  observed  in  middle  life,  or  in  the  young. 

Treatment. — Central  galvanization  and  general  faradization,  for 
general  effects,  may  be  used  in  shaking  palsy  with  benefit.  The  best 
results  have  been  obtained  by  galvanization  of  the  spine  and  sympa- 
thetic and  brain. 

Prognosis. — Cases  where  all  the  limbs  are  affected  are  never  cured 
by  any  method  of  treatment,  especially  in  the  aged.  Cases  in  which 
only  one  limb,  or  one  upper  and  one  lower  limb,  are  affected  are  some- 
times  benefited,  and  in  rare  instances  cured.  Temporary  relief  can 
sometimes  be  obtained  where  no  permanent  benefit  results.  The 
tremor  of  the  limb  is  sometimes  abated  or  completely  arrested  for  one 
or  more  hours  after  the  application  either  of  general  faradization  oi 
galvanization  of  the  spine,  and  in  rare  cases  entire  recovery  occurs. 
Dr.  Russell  Reynolds  has  reported  a  cure  by  the  galvanic  current.  Re- 
cently Jules  Charon,  of  Paris,  has  published  the  results  of  galvanization 
in  7  cases.  Of  these  2  were  cured  ;  2  vi^x^  nnich  improved  ;  and  3 
were  much  iniproved  in  their  general  condition,  but  not  in  the  tremor. 

A  cast  cf  palsy  agitans  associattd  with  spasmodic  muscular  contraction  and  neural' 
gi<  pains — Approximate  relief  from  central  galvaniiatian  and  general  faradita- 
tian. 

Case  CXXIV. — Mrs.  M.,  aged  qo,  applied  to  us  for  the  relief  of  a  disorder  of 
which  the  following  were  the  main  bymjitoms.  These  symptoms  had  been  almost 
con<i(ant  for  more  than  fifteen  months: — 

The  patient  was  so  exceedingly  feeble,  that  a  walk  of  ft  few  blocks  caused  complete 
exhaustion. 

Nean-ilgic  pains  in  the  face,  right  arm,  and  side,  vrtrc  constant  although  varying 
in  inlcnsiiy.  Sometimes  the  dbtrcss  was  for  hour^  most  excruciating,  and  then  an 
interval  of  rest  would  occur  in  which  the  pain  was  barely  appreciable.  Pain  along 
the  spine,  but  no  tenderness  to  pressure.  The  most  annoying  symptoms  were  frequent 
spa.'modic  contractions  of  the  muscles  of  the  neck,  while  a  constant  and  incessant 
tremblinK  of  the  hands  during  the  waking  hour's  made  with  the  rest  a  complication  of 
tymptoms  that  pointed  to  structural  change  of  the  upper  portion  of  the  cord.  Cen- 
tral galvanization  was  in  this  case  alternated  with  general  faradization.  So  far  as 
the  spasmodic  contractions  of  the  muscles  were  concemetl,  the  effect  was  immediate, 
being  followed  by  complete  and  permanent  relief. 

The  neuralgia  was  gratJually  dispelled,  and  tlie  trembling  or  shaking  in  the  course 
of  two  months'  treatment  so  benefited  as  to  be  hardly  noticeable.  During  the  slim- 
mer that  followed,  the  patient  was  almost  entirely  free  from  every  unpleasant  sjnmp- 
tom. 

Unilateral  paralysis  agitans  in  a  man  aged  sixty  years —  Very  decided  alleviation 
of  symptoms  under  central  gakntnitatton. 
Cas<  CXXV. — Mr.  James  A.,  aged  sixty  years.     SnfTering  from  anilateral  pcUsy 


SSi 


SPASMODIC  DISEASES. 


agitans  of  tbe  left  side.     Was  pla.ced  under  oar  care  bj  Dr.  Andrea^  ot  1 
August  ist,  tSya 

The  first  symptoms  of  this  disease  became  manifest  in  October,  1S69,  and  { 
ally  increased  in  severity  until  January,  1S70,  since  which   time   there  had  hnsl 
appreciable  ap[gravatioii  of  his  condilioru     The  patient  was  a  mechanic,  occspierfi 
must  constantly  in  filing  saws,  and  it  was  his  firm  impresaon  that  the  peculiar  i 
ence  transniiHed  to  the  cord  by  the  steady  scrape  of  the  file  was  an  importxnt  fac 
in  the  production  of  the  disease.      However  this  may  be,  it  was  certaiti  lh»l  h*  1 
now  unable  to  use  his  file  a  moment  without  causing  mo«*  disagreeable  fediqci. 

We  essayed  a  few  applications  of  general  faradization,  but  as  it  did  oot  sees  to  I 
lay  any  of  the  disagreeable  features  of  the  disease,  we  resorted  to  central  j 
tion.     After  a  few  applications  to  the  brain,  sympathetic,  and  spinal  cv>nJ,  tlw  s 
which  was  decidedly  affected,  so  that   he  stuttered  and  hesitated  in  everycfintl 
talk,  became  perfectly  normal,  and  he  was  no  longer  annoyed  by  it.     For  1 
months  he  had  been  unable  to  sleep,  unless  lying  on  the  back  with  the  tna*  { 
to  the  side.     In  four  weeks  he  was  able  to  sleep  with  perfect  comfort  in  any  j 
tion. 

The  patient  remained  under  observation  some  three  months,  and  receirelmil 
about  twenty-five  applications.  He  improved  in  his  general  condition  very  d« 
the  arm  and  leg  liccame  much  stronger,  and  the  shaking  movenocats  deaend  I 
severity  at  least  fifty  per  cent.     Further  than  this  we  were  powrless  to  ttsiitUL 

Asthma, — Asthma  is  one  of  the  conditions  for  which  it  would  be  1 
posed,  ii/r/>r/,  that  electrization  might  be  of  service ;  and  yet  the  publtJ 
records  of  successful  treatment  are  not  verj'  extensive.  One  of  iMj 
earliest,  if  not  the  very  earliest,  experimenters  in  this  department  t 
Dr.  Wilson  Philip,  who  began  his  researches  in  electricity  in  the  eiHfl 
part  of  this  century.  "  By  transmitting  its  mfluence  (galvanism)  tfoaJ 
the  nape  of  the  neck  to  the  pit  of  the  stomach,  he  gave  decided  relirfj 
in  every  one  of  twenty-two  cases,  of  which  four  were  in  private  pracWAl 
and  eighteen  iti  the  Worcester  Infirmary.  The  power  employed  v* 
from  ten  to  twenty-five  pairs."  The  treatment  which  is  r! 
indicated  is  galvanization  of  the  pneumogastric  and  s)  , 
Benedikt  mentions  a  case  successfully  treated  by  this  method. 

The  methods  we  employ  in  asthma  are  galvaniiation  of  the 
mogastric   and    cerebral   galvanization,  and   usually  with  leroporaJJil 
though  not,  as  a  rule,  with  permanent  benefit. 

The  faradic  current  is  sometimes  effective  in  affording  tcmpontf  | 
relief  after  faihire  of  the  constant  current.  In  several  cases  that  hi'* I 
fallen  under  otir  observation  persistent  faradization  of  ihccbeHW"] 
neck  has  been  followed  by  marked  relief. 

Asthma  of  three  months  Handing— Apparent  reeivery  utuUr  tce^tttd g 

Case  CXXVI.— Ann  M.  C,  treate<l  at  Dcmilt  Dispeiuvry,  hadfaer  6nM  «tt«*M 

asthma  three  months  before  seeking  dectrioU  treatment.     Every  few  day*  thrtrf^f 
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A  paroxTsn  of  considerable  seventy  would  prostrate  her.  Berore  the  onset  of  the 
■ttack  she  invariably  e\pcricnced  a  cold  sensation  between  the  shotilders.  The  ex. 
|iectoration,  which  so  soon  as  she  can  throw  off  affords  relief,  had  the  appearance  of 
boQed  starch.     The  smell  of  cooking  always  hastened  an  attack.     The  patient  wa« 

treated  from  May  rS,  1871,  until  June  17th,  by  the  method  of  localized  galvanization, 

«rbe»  she  was  discharged  apparently  cured. 

Aithn^  of  many  yearf  standing — Decided  temporary  relief  from  toeeJ  faradiut* 
tioH — No  permantnt  benefit. 

Case  CXXVII. — June  20,  1871,  we  treated  an  old  gentleman,  a  patient  of  Dr.  Jotrn 
T,  Metcalfe,  for  a  chronic  asthmatic  difficulty  of  many  yeari'  standing.  He  was  sub- 
mutei  mostly  to  galvaniration  of  the  great  "tympathetic,  pneumogastric,  and  phrenic 
•erres  ImJ  the  only  decided  relief  obtained  was  from  simple  faradization,  the  positive 
pole  licing  placet!  at  the  back  of  the  neck,  and  the  negative  just  above  the  sternum. 
Tbb  method  caused  a  most  pleasant  relief  from  discomfort  on  awakening  at  night. 
No  permanent  benefit,  however,  w.as  afforded  by  the  treatment. 

Muscular  Contractions. — These  tnay  arise  in  hysteria,  in  myelitis, 
meningitis,  and  spondylitis,  diseases  of  the  cerebrum  and  cerebellum, 
or  they  may  be  of  a  reflex  character.  They  exist  sometimes  in  neuritis 
ocrinfumaiism. 

The  treatment  consists  in  peripheral  galvanization  or  faradization  of 
the  affected  muscles  or  of  their  antagonists,  with  stable  currents  and 
S»Ivanization  of  the  head,  spine,  and  sympathetic,  according  to  ihe 
(pecial  indications. 

The  prognosis  is  usually  unfavorable  for  all  except  the  rheumatic 
cases, 

Facial  Spasm. — This  affection,  which  is  not  unfreqiient,  is  usually  very 
^'Ihlinate  against  all  treatment.  The  treatment  is  galvanization  with 
•he spinal-cord-miiscle  or  nerve-muscle  current.  Recent  cases  may  be 
^d  by  the  application  of  the  galvanic  current  to  the  branches  of  the 
^pair.  Long-standing  cases  maybe  temporarily  relieved,  but  are 
'•'"ely  permanently  cured.  Remak  reported  success  even  after  the  con- 
''ifion  was  very  chronic. 

Oytphagia  from  Spasms  of  the  Pharynx. — This  syinptom,  though 
'^''letirnes  the  result  of  organic  central  disease,  is  not  unfrequently  of 
*  purely  spasmodic  character,  and  as  such  is  amenable  to  electric  treat- 
^^cit,  either  by  external  or  internal  applications.  The  method  we 
Opt  for  such  cases  is  to  place  one  pole  on  the  back  of  the  neck  and 
*^e  other  just  above  the  sternum,  or  by  the  inner  border  of  the  stemo- 
^'^iclo-mastoid  muscle.  If  this  method  fails,  internal  applications  may 
"*  made,  by  means  of  a  catheter-shaped  electrode,  against  the  constric- 
^'^  of  the  pharynx.     Some  cases  yield  with  suri^>rising  readiness  to  ex- 
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of  this  kind,  in  which   the  food    was  returned   through 
',  or  nose,  was  cured  by  Hiffelshcim  by  galvanisation. 
SidUsbcim  has  recorded  a  case  of  excessive  and  obstinate  roi 
tter  ivas  cured   by  five   applications  of  the  galvanic   current  t» 
pneiiBsogftstnc. 

npifJk*gt*i  /rvm  tfasmodic  action — Recovery  frcm  localised  faraJh^iitm^  MR 

pealed. 

CfcSatCXXVril.— An  old  lady,  aged  nearly  70,  w«s  sent  to  os  bjr  Dr.  F« 
SIk  had  for  some  month*,  been  annoyed  by  mudi  difficulty  in  the  < 
^■fiona*^  Mid  ms  apprehensive  of  suflfocation  on  account  of  the  tendency  of  ( 
tdil^iAi^^SDptefas.      Localized  faradiEation,  repeated  twice,  completely 

7,  and  enablcl  the  patient  to  eat  without  fear  of  conseqnq 
:  the  relief  was  permanent. 

r  {Hifc^ugh), — This  symptom,  when  it  become*  per 
%yf  be  ireated  by  galvanisation  of  ihe  sympaihelu . 
Wc  have  treated  in  this  way  two  very  obstinate  cases ' 

L — Dr.  Mendel  has  reported  two  cases  of  tetanus  sue 
\  bf  dte  ^vanic  current     He  used  various  methods  of  i 
•-eMral  and  peripheral.     Immediate  relief  followed  each 

r>B OMKkisions  at  which  he  arrives  from  his  cases  are  that  ai 
I  be  applied  to  the  aflectcd  muscles,  without  reganl  I 
i»  a(  tkc  ovrent,  although  the  positive  pole  should  be 

fc— The  disease  is  so  rare  in  its  occurrence,  and  so  r 
'laC  ekctiical  treatment  even  by  its  most  imperfect  roc 
■'-^  no  chance  to  be  tested.     The  suggestions  that  we  I 

refore  of  necessity  based  ox\  theory  and  anali 
B^  (ii»tn»tmenl  of  other  and  more  or  less  allied 
«  c«.uuid  of  using  electricity  in  a  case  of  real  or  sin 
tr  to  place  the  negative  pole  of  the  galvanic  c 
nich.  and  apply  the  positive  «^: 
!  ii  -c  of  the  neck  {central  galvan 
i^wy'**^"   And  down  the  spine.     If  the  galvanic  ( 
the  faradic  (electro-magnetic)  might  bet 
be  less  efficacious.     Mild  or  modenic< 
.0  more  good  than  very  powerful  cuntn(s»l 
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there  should  be  intermissions  in  the  treatment  During  these  inter- 
Biissions  ice-bags  might  be  applied  to  the  spine.  We  should  not  expect 
that  this  treatment  would  cure  real  hydrophobia,  but,  if  faithfully  used, 
it  would  greatly  relieve  the  horrible  agonies  of  the  disease*  and,  either 
alone  or  in  connection  with  other  treatment,  would  be  hkely  to  prolong 
life.  Electricity  has  never  yet  had  a  fair  trial  in  hydrophobia.  Schi- 
vardi,  who  kept  one  of  his  patients  alive  several  days,  used  only  a  par- 
tial and  imperfect  method,  and  no  other  treatment,  so  far  as  is  known, 
has  been  so  successful. 

Hydrophobia  is  one  of  the  very  few  diseases  in  which  it  is  better  to 
use  electricity  blindly  and  imperfectly  than  not  to  use  it  at  all.  There 
are  two  considerations,  however,  that  are  somewhat  discouraging  : 

1.  The  spasmodic  affections  that  most  closely  resemble  hydrophobia 
and  with  which  it  is  sometimes  confounded — epilepsy,  tetanus,  etc. — 
do  not  yield  readily  and  permanently  to  electrical  treatment.  Great 
benefit  can  be  derived  from  a  proper  use  of  electricity  in  epilepsy,  but 
very  rarely  a  permanent  cure, 

2.  To  get  the  best  results  of  electrical  treatment  time  is  necessary. 
Save  in  the  resuscitation  of  the  drowned  or  asphyxiated,  and  the  tem- 
porary relief  of  pain,  electricity  accomj^lishes  its  great  cures  slowly. 
Hydrophobia  runs  its  course  rapidly,  and,  in  its  incipience,  is  not 
usually  recognized.  The  only  hope  that  real  hydrophobia  could  be 
cured  by  electricity  rests  in  the  possibility  that  it  could  relieve  the 
symptoms  and  delay  death  through  its  powerful  sedative  influence,  so 
that  there  would  be  more  time  to  act  upon  the  nutrition  of  the  nerve- 
centres  either  by  a  continuance  of  the  electrical  treatment  or  by  other 
methods.  There  is  reason  for  the  belief  that  some  at  least  of  the  cases 
of  so  called  hydrophobia  are  of  an  hysterical  character — are  brought  on 
by  fright  and  dread.  The  only  safe  course  is  to  treat  such  cases  as 
though  they  were  genuine  cases  of  hydrophobia.  The  most  brilliant 
results  of  electrical  treatment  are  obtained  in  hysteria  and  allied  di- 
seases, and  notably  in  hysterical  convulsions,  and  it  is  quite  probable 
that  the  hysterical  symptoms  of  bvdrophobia  would  yield  to  the  same 

\  Tcroedy.     The  result  of  the  treatment  would  help  somewhat  the  diagno- 
sis.    If  the  patient  entirely  recovered,  the  probability  that  the  case  was 
I  of  an  hyslerial  nature  would  be  strengthened  almost  into  certainly. 
Inasmuch  as  one  or  two  of  the  recent  cases  were  probably  in  part  hys- 
j  tcrical,  and  as  the  discussion  of  the  subject  has  caused  our  sensitive  and 
[highly  nervous  people  to  dwell  on  this  dreadful  topic  day  and  night,  it 
i  not  impossible  that  other  cases  of  a  like  nature  may  occur. 
Stammering. — Dr.  Althaus  succeeded  in  curing  a  case  of  stammering 
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of  five  years'  standing,  in  a  lad  nine  years  of  age,  by  the  i 

the  galvanic  current  to  the  laryngeal  nerves.     The  applications 

made  twice  a  week  for  two  months. 

EptUpsy. — Epilepsy  is  one  of  the  diseases  for  which  electric 
some  form  or  other  has  been  used  for  many  years,  though  with 
uncertain  and  capricious  results.  The  method  ol  tre 
promises  most  in  this  disease  is  central  galvanization, 
method  is  to  place  one  of  the  poles  over  the  point  whence  tke  l 
proceeds,  and  the  other  over  the  nerve-centre. 

Temporar)'  relief  can  be  obtained  in  very  many  cases  of  epile 
electrical  treatment.     The  intervals  between  the  attacks  can  be  j 
lengthened,  and  in  a  certain  proi)ortioa  of  the  cases  the  results  are] 
Ueved  to  be  permanent. 

Petit  mat. — Marked  temporary  relief  from  geiural  faradizatun  and  j 
of  sympaiketic — Relapse, 

Case  CXXIX. — In  one  case  of  "petit  mal.,"  oocumng  in  a  boy  «>me  ij  j 
•ge,  the  bromide,  given  in  doses  of  logrs.  three  tim«  a  day,  acted  chamtiagif. 
paroxysms,  which  fur  nearly  two  years  had  occurred  from  six  to  ten  times  a  day,  I 
immediately  reduced  to  one,  two,  and  three  in  the  twenty-four  hourv 

This  improvement  was  manifest  for  nearly  a  month,  when,  notwitfastandiif  ( 
iiicre«ed  doses  nf  bromide,  the  paruxy^ims  gradually  increased  in  frequency,  ancil 
patient  was  rendered  uoconscioas  by  them  as  often  as  before.  We  now  resortel] 
general  electrisation  with  the  faradic  current,  and  occasionaUy  to  talrania 
the  ^'^'mpathetic  Singtilarly  enough,  the  results  that  followed  were  substiJitiafl;  4 
taote  as  tho<«  obtained  from  the  admmistralion  of  the  bromide  of  potaasiiim.  F^l 
few  weeks  the  frequency  of  the  epileptic  seizures  was  reducctl  to  one  and  twoii 
when,  notwithstanding  every  effort,  there  was  a  second  relapse  to  hii  old  cunditioaj 

The   boy  evidently  inherited  a  very  decided  nervous  diathesis,  but  the  i 
cniis«  of  the  attacks  was  ascribed  to  a  servere  fall  some  weeks  before  the  i 
of  the  first  paroxysm. 

BpiUpty  of  eleven  years'  standing^^BtrUdieiU  attaekt—^mprwement  i«  du)* 
muntml  condition,  and  diminutivn  ofaitacks  under  general  faradimhtn-^^ 
fnrtker  gained  by  galoanhatiam. 

Case  CXXX  — W.  H.  V.,  a  Ud  aged  i6,  began  fint  to  suffer  frwa  ( 
teixures  when  but  five  years  old. 

For  the  first  6ve  years  the  attacks,  connsting  of  a  number  of  fits  m  rtpid  i 
Bon,  occurred  every  five  or  sir  weeks.  From  his  eighth  to  his  fifteenth  ]«•■ 
paroxysms  increased  in  frequency  and  severity,  until,  at  the  date  of  hb  viiR  ^ ' 
the  attacks  recurred  every  week. 

It  was  a  noticeable  fact  that  for  the  last  year  the  patient  had  alaoit  I 
suffered  from  these  epileptic  seizures  on  Saturday. 

The  boy  had  grown  icnsibly  weaker  both  in  mind  and  body,  and  was  c 
irritable  and  capricious. 
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Treatment  was  commenced  by  general  faradization,  with  special  reference  to  the 
head  and  spine. 

Under  thb  treatment  sleep  became  more  stand  and  refreshing,  and  the  mind 
calmer,  while  the  usual  paroxysm  was  delayed  until  the  Thursday  following  the  regu* 
lar  time  for  its  recurrence.  The  general  condition  of  the  patient  continued  to  im* 
fKOve,  and  a  second  attack  was  delayed  four  weeks.  He  remained  under  observation 
nne  months  longer,  having  a  paroxysm  (far  less  severe,  however,  than  formerly) 
■baai  ereiy  four  weeks.  The  galvanic  current,  variously  used,  seemed  to  accom> 
ySdi  nothing  that  had  not  already  been  obtained  by  the  faradic.  The  case  soon  after 
poKd  from  onr  care,  and  whether  relapses  have  occurred  we  have  not  been  able  to 
tain. 
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DISEASES   OF  THE   SKUf. 


THtRE  are  several  theoretical  considerations  that  would  \c»(\ 
suppose  that  electricity  might  be  of  service  in  the  treatment  of  ( 
of  the  skin : — 

1.  Pain  and  itching,  oftentimes  of  a  very  distressing  character,  acca 
pany  many  of  the  diseases  of  Uie  skin,  and  of  all  tlie  knoM'n  nieiiioJsi 
relieving  and  curing  pain,  electricity  is  one  of  the  most  satisfattory. 
the  application  of  the  galvanic  or  faradic  current  may  bring  relief  in  li 
ache,  in  spinal    irritation,  in  the    various   forius  of  neuralgia,  m  i 
niatism  and  in  sprains,  why  should  it  not  aflford  similar  relief  in  the  I 
menting  agonies  of  psoriasis,  eczema,  and  prurigo  ? 

2.  Ulcers,  sinuses,  and  bed-sores  have  long  been  treated  by  ibcgjl- 
vanic  and  faradic  currents,  with  gratifying  success  ;  and  it  would  be  t 
ural  to  supix>se  that  the  ulcerous  conditions  of  some  of  the  disci«s« 
the  skin  might  similarly  be  benefited. 

3.  Tumors  and  morbid  growths  of  various  kinds  are  (iiscusM.o  byt 
electric  currents,  and  especially  by  the  galvanic  current,  anditwouUl 
reasoqaable  10  infer  that  cutaneous  indurations  and  hypertrophies  ] 
be  dfeoossed  or  diminished  in  a  similar  manner. 

4.  Tbose  who  hold  the  theory  that  some  of  the  diseases  of  the  i 
arc  of*  oervous  origin,  or  are  in  some  way  intimately  dependeni  on  l 
brain,  spinal  cord,  or  sympathetic,  would  find  still  anotiicr  iheorei 
ai^gunient  in  favor  of  introducing   electricity  into   dcrmatologr,  i 
nervous  diseases  have  long  been  regarded  as  par  exttllaue  tkt  < 
most  amenable  to  electrical  treatment. 

The  electro- therapeutics  of  diseases  of  the  skin  belongs  bodjToi 
cal  and  surgical  electricity.  The  tendency  in  recent  tunes  hai 
to  transfer  dermatology  from  surgery  to  medicine,  and  at  present  u»fll 
of  our  most  eminent  dermatologists  arc  physicians  more  than  sursft''* 
This  tendency  is  further  strengthened  by  the  modern  views  of  llie  jrtti*"^ 
ogy  of  cutaneous  disorders,  particularly  in  regard  to  their  relation  i 
ucrvous  system.     The  purely  local  treatment  of  diseases  of  the  »Ii 
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tlectricity  might  be  regarded  as  belonging  to  electro-surgery,  while  their 
general  and  central  txealment  certainly  belongs  to  electro-medicine. 

Current  Employed. — While  both  currents — the  faradic  and  galvanic 
— have  proved  useful  in  the  treatment  of  diseases  of  the  skin,  the 
galvanic  appears  to  act  more  efficiently  and  to  fulfil  a  larger  variety 
o!  indications  than  the  faradic.  The  reason  of  this  will  be  sufli 
ciently  clear  to  those  who  understand  the  general  differential  indica- 
tions for  the  use  of  the  two  currents.  The  peculiar  electrolytic 
action  of  the  galvanic  current,  which  the  faradic  current  possesses  to 
but  a  feeble  degree,  is  indicated  in  diseases  of  the  skin  for  the  same 
reason  that  it  is  indicated  in  the  discussion  of  tumors.  For  the  relief 
of  the  syiijptoms  of  itching  and  pain,  tJie  faradic  current  is  frequently 
sufficient,  especially  in  prurigo :  its  effects  are  also  curative,  but  to  a 
less  degree  ihan  the  galvanic  current.  The  galvanic  current  also  acts 
more  ]>owerfully  on  the  central  nervous  system  (see  Chapter  JV,). 

Mcthodi  of  Application. — Diseases  of  the  skin  may  be  treated  elec- 
trically in  two  ways — by  apjilications  to  the  diseased  surface,  and  by 
central  galvanisation.  In  the  first  method  the  disease  is  affected  direct- 
ly ;  in  the  second  method  it  is  affected  indirectly  through  the  nervous 
system. 

Appliration  to  the  Diseased  Surface. — Our  usual  method  of  galvaniz- 
ing the  affected  part  is  to  place  an  adjustable  electrode  of  from  two  to 
four  inches  in  diameter  over  the  point  where  the  [mncipal  nerve  that 
supplies  the  part  is  most  superficial, — as  the  popliteal  s[)ace,  the  ante- 
lior  crural  region,  the  border  of  the  flexors  of  the  arm,  etc.,  while  the 
negative  is  a[)plied  to  the  diseased  surface  by  any  convenient  electiode 
with  a  broad  surface.  This  is  the  method  that  we  usually  adopt  in  the 
trcatUK-nt  of  ulcers.  We  are  not  able  to  say  how  nnich  advantage 
there  may  be  in  applying  one  of  the  electrodes  over  the  nerve.  We 
suspect  that  it  may  be  of  service  in  improving  the  nutrition  of  the  part 
that  it  supplies  ;  it  certainly  cannot  do  harm  in  that  position  unless  the 
stance  is  very  much  protracted.  One  electrode  may  be  placed  on  some 
indifferent  point,  as  the  feet,  or  the  hands,  or  on  the  thigh,  where  cur- 
rents are  borne  well  and  can  do  no  harm,  however  long  they  may  be 
kept  there.  The  electrode  is  sometimes  kept  firmly  planted  on  the 
skin  (stable),  and  sometimes  is  slowly  glided  from  one  [jart  to  another 
(labile).  When  the  part  is  much  abraded  only  mild  currents  will  be 
I  borne,  while  in  the  inmiediate  neighborhood  a  very  strong  current  may 
col  be  felt  at  all.  It  therefore  becomes  necessary  to  modify  the  cur- 
rent coniinu.ally  according  to  the  sensations  of  the  patient,  so  that  the 
treatment  may  never  be  excessively  painful  There  is  yet  no  evidence 
36 
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that  very  severe  applications  have  any  advantage  over  mild 
tions.  The  pain  of  the  galvanic  curreni  increases  with  the  lengtJij 
time  that  the  electrode  is  kept  in  a  fixed  position  without  breaking  ( 
curreni ;  for  this  reason  it  is  necessary,  when  strong  currents  are  o« 
to  shift  the  position  of  the  electrode  every  minute  or  so,  or  as  ofteaj 
the  patient  complains  of  severe  pain.  We  are  not  able  to  say  wbetb 
the  best  results  are  obtained  by  stable  or  by  labile  applications, 
electrolytic  action  of  the  galvanic  current  is  most  decided  when  th 
is  little  or  no  interruption  to  the  currenL  VVTien  the  faradic  currcotf 
used  we  generally  make  labile  applications. 

Both  electrodes  may  be  applied  on  the  diseased  surface.  Tbei 
vantage  of  this  method  is  that  it  economizes  tinic  and  labor  i 
there  are  numerous  and  large  patches  that  need  to  be  treated 
though  the  electrolytic  action  of  the  negative  pole  is  greater  than 
of  the  positive,  yet  both  act  eleclrolytically,  as  all  physicians  i 
and  both  act  curatively  as  experience  shows. 

When  the  botly  is  covered  pretty  generally  by  disease,  we  s^oti 
put  an  electrode  on  each  liinb,  thus  allowing  the  curreni  to  run  tbfl 
the  body. 

Local  Faradisation    Gcntralized. — W^e   have   recently  appUcti 
term  to  a  method  of  using  electricity  which   combines  the  advanli 
of  localized    and  general   faradization.      Although  we  first   u»cd  if  t 
diseases  of  the  skin,  it  uxay  be  employed  to  meet  the  same  mJicatv 
as  general  faradization  ;  but  since  it  requires  absolute  or  approx 
stripping  on  the  part  of  the  patient,  it  would  be  called  for  onlriB* 
limited  class  of  affections. 

In  this  mediod  the  operator  takes  hold  of  both  the  electrodes,  t 
their  insulated  handles,  and  passes  them,  within  a  few  inches  of  i 
Other,  over  all  the  dise.oscfl  surface  of  the  body.     The  electrodes  \ 
be  kept  stationarj'  over  spots  where   the  disease  is  especially  proW- 
nenl.     The  method  may  be  modified  in  various  ways.     One  clcci 
niay  be  kept   fixed  on  some  particularly  bad   spot,  while  the  otheJ*J 
glided  up  and  down  the  surface  adjacent,  or  both  electrode*  mif  \ 
\ity\  tixcd  a  part  of  the  time.     An  advantage  of  this  method,  ^^ 
may  be  employed  with  either  current,  is  that  it  economize*  tia»e*"| 
tabor,  a  very  important  consideration  in  cases  where  a  laij^  poitioo<"  I 
the  surface  of  the  body  is  diseased. 

Tbis  method  is  especially  indicated  in  cases  where  ncarlj  ihee"'j 
liM^  amfiice  of  the  body  is  affected  by  disease,  as  in  general  prurigo  vA  I 
pMMsiSk     Either  current  may  be  used  in  this  way. 

Qn^atml  F»adixati0n. — This  method  of  using  electricity  is  \ 
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Indicated  in  diseases  of  the  skin,  and  for  the  reasons  already  given. 
'or  those  cases  that  are  associated  with  general  debility  as  a  result  Of 
rause  of  the  disease  of  the  skin,  it  may  be  employed  with  advantage  j 
me  pole  may  be  applied  at  the  coccyx  by  an  adjustable  electrode,  or 
9X  the  feet  by  a  copper  or  tin  plate,  while  the  other  is  passed  over  the 
surface  of  the  body. 

Eiectric  Brush. — When  the  skin  is  not  itching  or  anaesthetic  the 
electric  brush  is  very  painful,  and  is  therefore  to  be  recommended 
chiefly  for  cases  where  there  is  very-  great  irritation^  or  itching  and 

^Sesia.     We  have  frequently  found  it  more  efficacious  than   the 

ry  sponge  electrode.  In  some  conditions  of  eczema  an  applica- 
»hich  in  health  would  be  unendurable,  is  positively  agreeable, 
istinctively  surgical  methods  of  treating  certain  diseases  of  the 
skin  by  electrolysis  and  galvano-cautery  will  be  described  in  Electro- 
Surgery. 

Central  Galvanisation. — This  important  method  of  using  electricity 

wc  have  recently  proved  to  be  of  great  service  in  the  treatment  of 

certain  diseases  of  the  skin,  especially  of  chronic  eczema  and  prurigo. 

Uftticr  this  method  of  treatment  aiane^  without  fnaking  any  application 

^ever  to  the  disiased  surface^   the  itching  and    burning  of  these 

IS  are  relieved  sometimes  immediately,  and  under  a  protracted 

itmcnt  permanent  cures  are  obtained.     The  results  obtained  by  this 

hod  arc  of  the  highest  possible  interest  in  a  pathological  point  of 

as  showing  a  kind  of  dependence  of  chronic  eczema  on  the  nei"Vous 

nj  that  had  not  before  been  suspected. 

^iteasts  of  the  Skin  for  which  Electrical  Treatment  is  Indicated. 

—Under  this  head  we  sum  up  the  results  of  electrical  experience  up  to 

the  date  of  publication. 

^^sema. — This  disease  we  place  at  the  head  of  the  list,  for  the  rea- 
son that  we  have  found  more  rapid,  brilliant,  and  uniform  results  from 
^^ectncal  ireatment  in  this  than  in  any  other  disease  of  the  skin.     We 
^ivc  treated  the  chronic  forms  in  different  parts  of  the  body,  and  in 
ifcarly  all  cases  thus  far  with  immediate  relief  of  the  distressing  pain, 
^'d  ultimate  cure  after  a  course  of  treatment.     We  have  used  for  this 
*ff<iction,  almost  exclusively,   the  galvanic  current,  either  locally  or 
^ntrally.     Patients  have  come  into  the  Dispensary  declaring  that  the 
ss  is  so  great  that  they  would  be  glad  to  have  the  suffering  part 
itated,  and  after  an  application  of  from  five  to  fifteen  minutes  have 
pJne  out  entirely  relieved.     This  relief  lasts  for  several  hours,  some- 
:s  for  days,  and  the  pain  grows  less  and  less  until  the  cure  is  accom- 
A. 
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It  is  in  this  disease  especially  that  central  galvanization  alone,  ^ 
making  any  application  whatever  to  the  diseased  part,  has  acconp 
such  striking  results. 

The  following  case  illustrates  the  power  of  central  galvanizatioaJ 
most  striking  manner : — 


Sttrere  andohstinaU  chronic  eczema  of  leg^  eight ytar^  standing — Im 
— Faihtre  of  various  remedies — Rapid  relief  and  permanent  aert  i 
gah'anixation. 

Case  CXXXI.— Mrs.  S.  M.,  an  Irish  servant -girl,  aged  51,  •% 
Long  I«.lftrtH  College  Hospital,  February  14,  1872,  with  chronic  eceeniA  oflbel 
about  the  ankle,  and  cxten'iing  nne-lhird  of  the  distance  to  the  kntx.    *Tbc  t((j 
•ad  pain  were  intolcraMc.  and  there  was  much  scircncsa.      The  patient  was  vai 
iv^ects  strong  and  well,  but  had  sufTcrefl  (rom   tliis  affection  by  intrrvalt  int  ( 
ycBTB.     Four  years  before  she  had   lieen  under  treatment  at  the  Cilj  HwtpiU 
fctd  been  discharged  apparentlv  cared,  but  relapsed. 

The  case  was  treated  by  iodoJbnn.  arsenic,  bicarbonate  of  soda,  rhubarb,  cwh 
W  fine,   glycerine,  cod-ltTcr  oiU  iodide  of  potasuam,   delcamara,  acetate  of  ( 
WMC  of  colchicum,  and  acetate  of  p)tash.     Thc^  remedies  were  vanuuiJy  1 
«anous  modidcationsv  extcnudly  and  intemaily.     From  some  of  these  ageauJ 
paliatt  derived  temporary  relief  of  the  itching  and   soreness  ;  but  the  ■vrr^J 
Vltimate  ctTecC  was,  that  on  April    |st  the  followijig   record  of  the  case  t 
Ihe  hospital  book:  "  Very  painfuT,  red  and  angry,  rapidly  exlending,  andl 
llg  nearly  the  whole  1^  below  the  knee,  and  most  of  the  dorsal  aspect  of  tJjefi 

Arsenic  and   tincure  of  cinchon.  comp.  were  now  oi-dered,  but   .\}iril  X^^W 
f«CDnlwas:  "Vcr)  much  the  same."     At  this  time.  Dr.  Davik  uiggoted  1 
/aradis%^ti^,i.     This  suggestion  was  acted  on  with  gratifying  result ;  the  in 
tres  wfti  at  once  in  a  measure  relieved. 

April  i6lh,  the  patient  was  more  comfortable  than  for  a  long  lime  ] 

April  23d,  very  much  improved  and  comparatively  comfortable. 

At  this  time  Prof.  A.  B.  Crosby,  the  surgeon  in  charge  of  the  wan!,  reiiunifij 
tosee  the  patient,  stating  that  she  had  been  very  obstinate  utuler  the  variott» 
that  he  had  trieiJ.  The  patient  was  suffering  greatly  from  the  severe  ifttiml 
borrinjj,  and  the  soreness  was  so  great  that  only  with  difBculty  could  she  1 
about  the  ward.  The  i)p|>ear.\nce  of  the  diseased  part  wa«  red  and  aogryi  ( 
poitions  were  more  or  less  covered  by  scale?;. 

We  cfccidetl  to  try  on  (he  paricnt   the  effect  of  central  ^hwrnimd  m.  iw^^ 
9pfJici^:t<»»  u'kafet'er  to  the  ditttutd  part.     We  were  inriuced  to  make  ilii»  Hi*'  j 
the  slrength  of  successes  in  other  and  milder  cases  of  cutaneous  ditcaicst    Otfii 
hufc  was,  perhaps,  to  ielic\>e  the  itchbg  and   pain;  a  permanent  otrr  ve  Ml 
MaMO  tu  anticipate.     As  the  patient  was  a  good  and  willing  snlijert  on  aH:^  ] 
iWaiuau<r<te  electrical  appliratiorts  she  was  taken  l)efore  the  class  of  the  \fi^  '*' 
Oitlq^  H>jspit.il.  and  treated  by  central   galvanizatiim,  the  statement  bene  < 
tkaA  vkc  did  not  hope  thereby  to  cure,  but  simply  (o  illastrate  the  meilHid  «( * 
■iedtkily. 

TlM  >ktub  of  the  applications  were  cntrtistcd  entirely  to  Dr,  Edwia  £• « 
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boUM'Surgeon,  who  carried  out  the  treatment  with  great  faithfatness,  and  to  whon 
\»c  are  indebted  for  the  full  history  of  the  case  as  here  presented. 

The  relief  of  the  itching  and  pain  was  very  rapid,  although  on  the  25th  Dr.  Smith 
made  the  following  record:  "A  little  more  irritable."  This  result  was  prohabl} 
due  to  over-treaimcnt,  too  strong  currents,  or  too  prolonged  app)lications. 

April y^h. — Patient  "much  better." 

xMay  lo/A. — "  Slill  steadily  improving."  The  appearance  of  the  leg  was  now  much 
changed  fur  (he  better.     The  most  ol^luiate  portion  was  the  region  about  the  ankle. 

The  applications  were  now  made  four  and  tive  times  a  week  with  a  12-cell  zinc» 
carbon  battery  of  Kidder  for  about  ten  minutes  at  a  stance. 

May  25//'. — A  loiiun  of  acetate  of  lead  wash  was  ordered  by  Dr.  Cro&by,  to  con- 
tract the  enlarged  capillaries. 

Jutif  5/yi  -^'*  Patient  is  walking  about  out-doors  with  comparative  ease,  and  is 
nearly  well." 

We  again  presented  the  case  before  the  class  of  the  College,  demonstrated  on  her 
our  method  of  central  galvanbcation,  and  pointed  out  the  extraordinary  and  unlooked* 
for  improvement.  The  skin  of  the  whole  leg,  except  around  the  ankle,  was  well,  and 
the  patient  fur  a  long  time  had  been  entirely  free  from  itching  and  pain. 

juMt  15M. — The  patient  was  "discharged  cured." 

yutt.  X'^lh,  1873. — Dr.  Smith  informs  us  that  there  has  been  "no  recurrence  of 
the  difliculty."  Several  monlLs  after  the  patient  left  the  hospital  we  heard  that  she 
was  still  welL 

The  above  case,  taking  all  the  facts  into  consideration,  its  long 
standing,  its  inveteracy  under  manifold  treatment,  and  the  tminedtate 
and  rapid  relief  and  cure  under  central  galvanization,  is  certainly  most 
extraordinary,  and  it  will  not  subtract  from  the  instructiveness  and 
brilliancy  of  the  result,  if  in  future  years  a  fresh  attack  of  the  disease 
should  occur.  Although  the  case  was  not,  so  far  as  we  know,  studied 
by  any  recognized  specialist  in  dermatology,  yet  among  the  very  many 
surgeons  and  physicians  who  watched  its  progress  before  and  during 
the  electrical  treatment,  there  was,  we  believe,  no  difference  of  opinion 
in  regard  to  the  diagnosis,  and  there  was  no  question  that  the  cure  was 
wrought  entirely  by  ceutral  galvanization^  acting  upon  the  central 
nervous  system^  and  thus  improving  the  peripheral  nutrition.  This 
very  remarkable  experience,  which  to  some  has  seemed  incredible,  we 
have  recently  confirmed  in  a  similar  case  of  chronic  ec/ema  of  the 
legs  of  sixteen  months'  standing.  The  relief  of  the  itchijig  by  cen- 
tral galvanization  alone  was  immediate,  and  after  a  few  application 
tije  disease  began  to  improve  in  appearance,  and  in  six  weeks  there 
was  approximate  recovery.  At  the  date  of  writing  the  patient  is 
entirely  well.  When  the  patient  was  about  half  cured  he  was  seen  by 
rh.  L.  D.  Hulkley.  Dr.  Kinsman,  of  Columbus,  Ohio,  writes  to  us  that 
he  has  successfully  treated,  by  central  galvanization,  a  severe  case  of 
impetiginous  eczema  of  twenty  years'  standing. 
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Ckrenic  enema  of  the  tegs  and  feet,  one  yeof'i  lianding — Relief  of  fain  ami 
under  Itxali&ed faradisation  and  galxMHiiatien. 

Case  CXXXII. — Michael  P.,  aycJ64,  had  suffered  for  twelve  months frrmi 
eczema  of  the  legs  and  feet,  accompanied  wilh  lerrible  itcliing  and  boniing  i 
The  affected  parts  were  but  little  senwlive  to  the  electric  current,  either  gah 
Ikrsdic  Localized  galvanisation  and  faradization  were  cmployc^i,  and 
time  the  electric  brush  wi(h  a  strong  current  was  not  only  well  home,  Imt  « 
grateful  to  the  patient.  The  applications  were  made  from  five  to  twrrit  i 
In  all  cases  there  zoos  relief  of  the  diitresting  pain.  Symptoms  of  rciicf  h 
appear  soon  after  the  beginning  of  the  s  ance,  ainl  at  the  close  was  tometira 
lute.      This  relief  lasted  at  fir^  from  two  to  twelve  hourv 

The  patient  continued  treatment  for  three  weeks — in  all  six  applicalioni  i 
The   intervals  of  rciicf  were  sensilily  lengthened,  and   the  patient  aliantli* 
mcnt.     With  the  relief  in  the  itching  and  pain  there  was  corresponding  relief 
api>earance  of  the  duieased  parts.     We  have  no  reason  to  believe  that  the 
was  pcrtnancntly  cured. 

Eczema  of  the  scalp  of  three  months'  duration  in  a  gentleman  te9tnty-^»t 
age — Reeevery  in  two  months  under  local  galvanisation  and  general  far* 
Case  CXXXIII.— Mr.  L.,  agcti  75,  waiaffected  with  eczema  of  the  scalp, 
tions  extended  over  the  entire  portion  of  the  hc.id  covered  Xty  the  hair,  and  had| 
in  spiteof  many  external  applications,  for  nearly  three  months.     The  tVvaeaaiA 
covered  with  thick  scabs  M'liich  tended  tu  coale^e  and  cover  as  by  one  ba|ge  ■ 
entire  surface.     The  scalp  was  quite  irritable,  and  at  night  especially 
annoyed  by  an  irresistible  desire  to  scratch.     The  bowe)>  were  dc«.idi 
and  the  general  health,  although  uiually  good,  was  at  thi>tinve  cou^derabty 
The  patient  submitted  to  treatment  by  both  lucalLzctl  galvantcalton  and 
dizaiioiu     The  first  application  of  the  former  method  resaltcd  in  a  decided 
the  constant  itching. 

After  two  weeks*  trial  of  both  methodi,  some  of  the  scab*  beQao  to  dry  up 
off,  constipation  was  very  much  relieved,  aitd  the  general  kealth  hod  i 
marked  degree. 

This  improvement  slowly  went  on,  imtil   in  two  moDths  from  the 
treatment  the  scalp  was  quite  free  from  disease. 

Frttrigo. — If  electricity  could  do  nothing  more  than  rcFicvc  the 
ing  of  prurigo,  it  wotild  be  entitled  to  an  honorable  place  in  the 
nientariuni  of  the  dermatologist.  Dry  faradization  alone  may  bii 
lief  in  a  very  few  minutes,  and,  when  perscvcringly  used,  way 
We  have  seen  immediate  relief  foUow  general  faradization  uscil  i 
ordinary  method  with  wet  sponges.  In  this  disease  also  ccntr. 
vanization  alone  has  in  our  hands  been  very  effective. 


General  prurigo,  six  ytar/  standing — Intense  itching — ApproximtaU 
fifteen  s  ances  of  central  galvanstalion. 
CasxCXXXIV.— W.  R.,  9  years  of  age.  came  into  the  Electro- Ther»fc«ti 
|Nirtroent  ef  Demilt  Dispensary,  April  11,  1873.     At  the  age  of  three  tbe  pui 
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icarlet  fever ;  this  './as  followed  by  general  prurigo  ihat  had  never  been  relieved. 
The  <iisease  covered  the  back,  abdomen,  and  legs.  The  itching  was  most  severe. 
Sleep  at  night  had  for  years  been  interrupted  by  this  distress,  and  marks  of  scratch- 
ing were  everywhere  seen.     The  disease  was  at  its  worst  on  the  back. 

Artinjj  on  the  theory  that  the  disease  was  of  a  nervous  character.  Dr.  Woodruff 
referred  the  cxsc  to  the  EJcctro-Therapeutical  neptirtmcnt,  when  trcatnjsot  by  cca- 
trul  galvanizatic»n  was  bcjjun  and  continued  for  two  months.  Towards  the  close  of 
the  treatment,  June  t,  liitlc  remains  of  the  eruption  were  seen  excepting  on  the 
back,  and  there  was  very  little  itching. 

yuw  15. — The  patient  abandoneil  treatment  ;  the  recovery  appeared  to  be  atis- 
Cictory.     We  have  no  further  intelligence  of  the  case. 

Dr.  Sterling  gives  us  the  fallowing  case,  the  diagnosis  of  which  was 
not  fully  clear  to  him  : — 

Central  truption  wUk  burning  sensation  of    long  standing — Some  imprcvemtnt 

Milder  lo<alized  j^ali-aniidiian,  and  gtUtftinization  0/  the  eervicei  sympathetic— 

Muck  greatfr  improvement  under  central  gaivanitalion. 

Case  CXXXV. — Mr.  G.,  at  the  age  of  twelve,  was  attacked  with  an  eruption  all 
over  the  body,  after  sea-bathing.  Treatment  cured  the  eruption,  but  a  bunung,  smart- 
ing sensation  was  left  in  the  fore-eye,  that  always  was  increased  on  any  excitement. 
Driukinj  a  cup  of  tea  or  coffee,  or  civtcring  a  heatctl  room,  would  bring  on  burning 
and  smarting  in  Ihc  face,  with  very  decided  pufUncsH,  Arsenic  and  various  other 
reineilics  had  been  used  faithfully. 

May  I,  I S7 1.  — Treatment  by  galvanization  of  the  sympathetic  and  localized  gal- 
vanisation was  l>c!^n,  and  the  result  was  satisfactory  ;  but  relapse  occurred,  and 
•ome  months  subsequently  he  wxs  treated  by  central  galvanization  alone,  with  very 
gnrat  improveinenL  He  still  suffers  from  slight  relapses  that  are  always  benefited  by 
electrical  treatment. 

Lichen. — VVc  have  had  no  opportuuiLj'  to  treat  a  marked  case  of 
lichen  ;  but  there  is  every  probability  that  electricity  would  accotnplish 
as  much  in  this  affection  as  in  the  other  symptoms  of  the  so-called 
dartrous  diathesis. 

Anasthesia. — For  the  curable  cases  of  cutaneous  anaesthesia,  faradi- 
zation is  a  specific,  if  any  remedy  can  be  said  to  be  a  specific  for  any- 
tliing.  Even  cases  that  depend  on  incurable  central  lesion  tuay  im- 
prove ver)'  decidedly  under  treatment.  In  cases  of  paralysis  of  motion 
and  sensation,  the  sensation  may  be  partially  or  completely  restored 
under  electrical  treatment,  even  when  the  loss  of  motion  remains  un- 
changed 

Anaesthesia  is  a  condition  for  which  the  electric  brush  is  particulaily 
indicated  (sec  chapter  on  .^nsesthesia). 

Acrtf. —  If  we  were  to  judge  from  our  own  limited  experience  in  the 
treatnient  of  acne,  we  could  not  speak  very  encouragingly. 

Our  assistant,  Dr.  J.  H.  Sterling,  informs  us  that  one  year  ago  a  case 
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of  hereditary  acne  indurata  of  the  face  and  back,  under  his  care,  mi 
treated  by  eighteen  applications  of  central  galvanization,  without  uif 
other  treatment,  and  the  disease  disappeared.  The  constipation  and 
headache,  which  had  been  very  distressing,  were  also  relieved.  Up  to 
date  (July,  1873)  the  patient  was  well. 

Ac»e  Rosacea. — Whether  acne  rosacea  is  dmcrcnt,  pathulojjicalljr, 
from  ordinar)'  acne  or  not,  it  certainly  yields  better  to  eletirical  trc4}« 
ment.  On  llie  theory  that  the  disease  may  depend  in  some  vvf  oft 
the  digestive  organs,  central  galvanization  may  be  tried  in  conncclioo 
with  local  treatment. 

AcMi  rosacea  of  tong  standing — Immediate  impravemtnt  under  loatHttd  gatsutat' 
tion  with  spangtM  and  metaJlie  electrx*dej, 

CA3E  CXXXVI. — A  medical  gentleman,  aged  about  60,  in  April,  1872,  repiUKd 
us  to  treat  him  fur  acne  rosacea  that  had  for  some  time  caused  him  aftniiysace.  Tk* 
blood-vessels  were  considerably  enlarged  on  l>oth  sides  of  the  nose,  the  cobr«il 
decided  red,  and  there  was  the  usual  thickeniut,'.  The  healili  of  the  patiealMtii 
other  respects  pretty  yood,  excepting  attacks  of  indigestion  with  odflity. 

We  began  treatment  with  localized  galvanization— with  wet  cloths  and  ffooCCi 
sometimes  u^ng  a  metal  electrode,  with  a  sharp  edge.  VVhcti  the  melal  elecirodf— 
connected  with  ll»e  negative  ptile — was  used,  the  dilated  capillaries  wcr<^  eledluljX^ 
tinder  the  negative  pole,  and  ga5«s  escaj^ed  with  a  sound  that  coiitd  be  eadjiflii* 
There  was  a  tendency  to  reappearance  of  the  dilated  vessels,  but  after  a  lew  ««ek' 
treatment  they  were  entirely  destroyed,  leaving  no  scar  or  trace,  and  the  ruUrf  of  U« 
nose  on  both  sides  hod  disappeared.  There  appeared  to  be  aUo  x  dJmiauliiiB  of  t^ 
hypertrophicd  tissues. 

There  has  been,  since  that  time,  some  return  of  the  affection,  hat  be  i«trry  mndi 
better  than  formerly.  The  habits  of  the  patient  were  never  iatcmpcrate,  hul  he  ka^ 
always  been  accustomed  to  u^e  more  or  less  alcoholic  liquors. 

We  have  since  treated  another  case  of  acne  rosacea  by  the  uroe 
method,  and  with  resitlts  which,  for  the  time,  are  most  satisfacion* 
This  case  has  been  attended  with  itching  that  has  been  reheve<],  V^ 
the  appearance  of  the  nose  has  very  rapidly  improved. 

Psoriasis^  and  Pityriasis^  in  their  relation  to  electro-thcrapcati» 
may  be  divided  into  three  classes  :  (i)  Those  cases  that  arc  b<w6t« 
up  to  a  certain  point.  (2)  Those  cases  that  receive  bnt  little,  if  iDJi 
benefit.  Judging  from  our  own  observations,  we  should  say  that  the 
latter  class  (those  who  do  not  yield  at  all)  are  in  the  minority.  Some 
cases  progress  very  slowly,  and  need  months  of  treatment.  The  ncgat'"* 
pole  of  the  galvanic  current  seems  to  be  more  efficacious  in  this  ^ 
ease  than  any  other  method.  For  the  sake  of  economising  time,  Iw** 
ever,  we  frequently  use  both  poles,  with  broad  electrodes. 

The  results  have  not  been  >t&r^  satisfactory.     Kven  when 
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improvement  takes  place  under  long  treatment,  relapses  may  occur, 
and  the  cure  has  never  in  our  hands  been  complete. 

Herpes — Her  pes  Zoster — Herpes  Frontalis  sen  Ophthalmicus, — 
Herpes,  If  not  the  most  jjcrsistent,  is,  without  doubt,  attended  by  the 
most  excruciating  pain  of  the  various  neuroses  of  the  skin.  WTiether 
its  seat  be  the  head,  the  trimk,  or  the  extremities,  the  associated  pang* 
are  sometimes  ahnost  beyond  human  enduraiice. 

Herpes  is  now  generally  regarded  as  subordinate  to  the  existence  of 
a  neuralgic  or  rheumatic  diathesis,  and  as  originating  in  any  cause 
which  weakens  the  vigor  of  a  nei-ve-trunk  or  its  cutaneous  branches : 
hence  it  would  not  be  unreasonable  to  suppose  that  electricity  in  some 
one  of  its  forms  miglit  ])rove  of  service. 

The  teachings  of  experience  clearly  attest  its  value  in  this  complaint 
The  disease,  it  is  true,  runs  an  acute  course,  and,  as  a  rule,  recovery 
more  or  less  complete  follows  in  the  course  of  a  few  weeks,  but  it  is 
none  the  less  incumbent  to  relieve,  so  far  as  iKJSsible,  the  acute  suffer- 
ings that  attend  it. 

The  first  two  cases  which  we  briefly  record  occurred  in  that  part  of 
the  body— vii.,  the  trunk — which  is  said  to  be  the  most  frequent  seat 
of  the  disease.  The  succeeding  three  of  Herpes  frontalis  seu  ophthal- 
micus  are  of  somewhat  greater  interest,  because  of  the  comparative  in* 
frequency  with  which  such  cases  are  met,  and  of  iheir  great  importance 
to  ophthahnologtsts. 

Herpes  thoraeicalis — Treat  men  i  by  the  faradie  current. 

Case  CXXXVII.  —  Jane  A.,  adUpeusary  patient,  a^^ecl  7  years  6  months,  had  suf- 
erctl  for  several  weeks  from  febrile  symptoms  and  anorexia,  and  finally  an  herpetic 
eruption  appeared  on  the  chest  and  right  side.  The  eruption  increased  and  rapidly 
extended,  until  the  thorax  was  nearly  encircled.  The  pain  from  which  the  child  suffered 
was  very  severe,  and  for  forty-eight  hours  it  hod  been  cantinuou$»  We  cmployetl  fara- 
dixaiiuu  (iiildly),  and  were  rewarded  by  an  immediate  relief  of  the  neural(;ic:  pains. 

Four  similar  applications  were  subsequently  given, — one  on  each  alternate  day ; 
but  there  was  nu  return  of  pain,  and  within  ten  days  the  eruption,  which  resembled 
•borted  vesicles,  bad  quite  disappeared. 


Herpes  saeralit — Treatment  by  the  faradie  current. 

Case  CXXXVIII. — We  were  called,  December  3,  1S73,  to  see  a  gentleman,  aged 

5<j,  who  was  suffering  from  an  herpetic  eruption  over  the  region  of  the  sacrum.     The 

vesicles  extended  from  the  hip  10  the  sciatic  notch  on  the  riyht  side,  and  covered  a 

fjBon-ow  tract  along  the  outer  jW)rtion  of  the  thigh,  with  cluitcrs  here  and  there  to  the 

nal  malleolus.     The  accompanpng  neuralgic  paiu  was  quite  as  severe  as  in  the 

ding  case,  and  emulated  actual  sciatica.      We  placed  the  foot  of  the  patient  oa 

\  topper  plate,  to  which  the  n^alive  pole  was  attached,  and  with  a  mild  faradie  ciir« 
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itot  broogbt  tfae  whole  hip  and  limb  under  the  electrical  influence.    The  efiecti 
Best  grateful,  and  the  relief  aHorded  immeiliate. 

He  sune  lucthod  wx%  repeated  a  number  of  times  And  although  the  pftiieiil  «a» 
mmMitj  espericnced  twinges  of  pain»  they  were  of  little  severitjr*  and  wtiha > «cA 
fiOHBd  to  annoy  hiin. 

Of  Herpts  frontalis  seu  ophthalmicus  we  have  treated  six  case  bf 
electricity,  anil  always  wnth  the  result  of  relieving  the  pain,  and  io  time 
OSes  the  course  of  the  disease  even  was  apparently  modified. 

IFtrpes  /rontalis —  Treatment  by  the  galvamk  cvrremt. 

Case  CXXXIX.— A  lady,  a^cd  alwut  60,  and  sent  to  its  by  Dr.  C.  R.  A^-^c  '*' 
sdfered  \ong  and  severely  from  herpes  of  the  forehead  and  face.  Acate  ainl  i>f  v>-a; 
■raralgia  supervtinetl.  resisting  all  attempls.  at  pcrroanent  alleviation.  Thi;  jil'** 
canent  was  locally  and  cenlrally  applied,  and  resulted,  in  a  few  xrantes  in  rflif«t 
■  a  good  mcaiiure  the  ncural^c  pain-s.  Ptosis  of  the  right  eyelid  rrn< 
ever,  in  spite  of  the  treatment  by  ]^alvanizaliim.  Three  local  applicai 
ivadic  current  approximately  restored  the  loftt  muscular  power. 

SUrpa  froHtalii — Alleviathn  of  ptin  by  the  gaivanU  eurrtHt^  after  fntur*  tj  *^ 

faradic  current. 

Cask  CXL. — Mr&  L.,  aged  39,  consulted  u&  on  June  10,  1874.  and  gave  tiiefioilf^ 
auMilory  of  her  case.  Two  weeks  prior  her  attention  was  calte-i  to  •  unall  tti^*' 
kff  CPqtCioo  on  the  left  forehead,  directly  over  the  course  of  the  supa-oibisalwf- 
SmAv  eruptions  quickly  followed,  thickly  studding  the  side  of  the  HdJ  ml  f**. 
^■i  accompanied  with  much  pain.  A  homtenpathic  phys.ici.iii  had  h»tl  thee*** 
dhmc^  and  liad  succec<led  in  temjiorarily  relieving  the  neuralgia  only  by  d»  i*" 
wMsration  of  morphine.  When  the  patient  fell  under  our  ubiiervatioodtfvi^^ 
fem^  Biore  than  at  any  previous  time,  and,  rather  l>ecause  of  coufei>teM«  t** 
dtec^  we  gently  applied  the  faradic  current  to  the  aflected  and  surrrx"'*""  '•"'* 
^)CiaK«>(  cause,  either  during  the  application  or  subsequently,  any  spcviai 
i^'^te^fetress.  On  the  following  day  we  revirted,  as  we  vliould  hAvc  I' n  ' 
V  !tt»gahraDic  current,  making  the  applications  lociUy,  centrally,  and  in  !<■•  1  "  '  ' 
^^■Cv  (he  iiilense  agony  of  the  patient  was  almost  completely  relieved  >  ' 
%^i(*  '^aart  night,  but  in  the  morning  complainetl  of  some  distress  o^-r  U'  ^ 
41^.11^  ere  and  temple.  She  was  imroetliatcly  relieved  by  a  seeurid  «|>|JUu*i 
^^  ^km^  she  wos  subjected  to  treatment  several  times,  although  ihe  «■•■• 
^^  iVdl^  tf  any,  and  rapidly  progressed  towards  recovery, 

^^m.  ^  — •itf >—  Treatment  hy  the  ^ahamic  emrrrnt — Immediate  r^itf  *i f'^ 

The  course  of  disease  apparently  modified, 

^fu  CXLL-- -A  third  case  of  zoster  frontalis,  in  the  person  af  a  female,  *^  ^^ 

^   Mir  observation  on  tlie  2d  of  June,  1S74.      The  lady,  who  was*  p*''** 

^  Wicc,  first    observed   a  slight   eruption  over  the  right  fjt    ^ 

^^^  ^m/L  •■■*  tlw  whole  side  of  the  forehead,  and  ll»e  angle  of  the  »'*'' 

_  -  -      TV  aMOciated  neuralgia  was  of  the  most  excruciating  aaJ  iuioln*^ 

U^ldey  was  called  in  consultation,  and  advised  the  ^vaokctf 
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rent,  a  few  applications  of  vrhich  rapidly  and  elTcctuaUy  relieved  the  palient  of  all 
pain,  and  greatly  hastcnefi  recovery  after  failure  of  various  local  appticatiuns.  The 
treatment  was  ciinlinued  for  some  time  subsequently,  in  order  to  make  the  scarring 
as  slight  as  possible. 

It  will  be  observed  that  of  the  above  cases  the  first  two,  in  which 
the  eruption  was  confined  to  the  body,  were  relieved  by  the  faradic 
current ;  and  that  the  three  following  (hcri)es  frontalis)  yielded  to  the 
galvanic  current. 

From  these  and  other  cases  the  following  conclusions  seem  to  us 
legitimate  : — 

1.  That  the  pain  of  herpes,  tio  matter  where  the  scat  of  the  eruption 
may  be,  is  generally  susceptible  of  speedy  and  effectual  relief  by  the 
use  of  the  galvanic  or  faradic  current. 

2.  That  when  the  eruptions  take  place  on  the  head — herpes  frontalis 
— the  galvanic  current  has  greater  puwer  to  relieve  the  pain  than  the 
faradic. 

J.  The  electric  treatment,  besides  relieving  the  pain  of  herpes, 
seems  to  shorten  somewhat  the  acute  stage,  to  break  the  force  of  the 
disease,  and  to  modify  the  scarring. 

Ringiuortn. — Common  ringworm  may  yield  to  the  galvanic  current. 

T^nea  cirdnatiu  (ringworm)  of  mtfre  than  two  years'  standing — Recotvry  /fittowt 
one  application  of  the  galvanic  currents 

Case  CXLII. — A  lady  patient,  a^ctl  30,  callcl  our  attention,  casually,  to  a  cointnon 
ringworm,  circular  in  i.ha|)e,  an  incli  and  a  half  in  diameter,  and  situated  at  about 
ihe  junction  of  the  shouUlcr  a.nd  neck.     The  disease  made  its  ap|)earancc  more  tlun 
two  years  prior  in  the  shape  of  a  slightly  elevated  spot  which  gradually  enlarged  to 
tlie  alM>ve  named  site.     The  part  hod  begun  to  heal  tu  the  centre  several  times,  and 
a5  often  the  process  of  repair  would  be  almost  complete,  when  the  disease  would  take 
A  sudden  start  and  become  as  marked  ns  ever.     Finally,  however,  the  centre  of  the 
eruption  permanently  disappeared  and  left  a  circular  spot  of  clear  skin,  surrounded 
br  A  wide  erythematous  ring.     This  condition  had  remained  stationary  for  more  thatt 
0,  year.     Wc  applied  to  the  disci^cd  part  a  metallic  diiik  sufiaciently  large  to  cover  it 
'  completely,  and  pa-»scd  for  a  few  iuinutes  a  galvanic  current  of  slight  tension,  but  suf- 
ficient to  create  a  decided  burning  sensation,  and  to  appreciably  affect  the  eruption. 
^  Tbb  was  the  only  application,  a^  immediately  after  tlic  patient  left   the  city.     A 
gnonth  afterwards,  however,  she  pre>ented  herself,  but  with  no  veslige  of  the  ring- 
worm.    It  began  to  di^ppear  almost  immediately  after  the  treatment,  and  within  . 
two  (veeks  the  !>kin  was  quite  clear.     To  this  date,  two  and  a  half  years  since  the  ap* 
iJlcation,  there  has  been  no  re:i]>(  earance  of  the  eruption. 

^^./^^^y^rr^w^- ^ '  his  disease  of  the  skin,  usually  so  obstinate  to  recog- 
zed  /i)efhod.s  of  treatment,  may  be  treated  by  strong  localized  galva. 
\tion  i^i'**   considerable  benefit.     Fieber,  oi  Vienna,  records  a  case 
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»■•«  sii  unfarorable  prognosis,  and  were  indeed  inclined  nol  to  attempt  it  ;  only 
be  cimcit  request  of  the  patient  and  his  physician  we  deci'lcd  to  try  and  see 
Aher  we  might  give  hitn  some  relief.     hacz\\i£\.\  /araJha/ian,  at  first  tried,  accom- 
iiabed  tiathing,  and,  so  great  was  the  anuesibeua,  was  uot  felt  by  the  patiL-nt. 


\^ 


u^s 


"^M 


Fig.  ij6. 
Elephantiasis  of  legs  before  treatment  by  electricity. 

lAaliiH  galvanization,  by  means  of  wet  sponges,  and  both  poles  with  ilnc-carbon 
)rof  jjxteen  cells,  was  appreciably  felt,  and  very  soon  began  to  relieve  the  pain. 
^•p|)licalions  were  from  ten  lo  thirty  minutes  in  length, 

flwiivo  months'  treatment  the  elqdianline  skin  on  the  left  leg  was  removed,  the 
II M  teaserl,  and  the  leg  was  reduced  in  circumference  from  Civfnly-five  to  seven- 
i«*«i»r^/.     The  ulcerated  portion  bcluvv  the  ankle  was  also  nearly  well. 

*"<cl«trical  treatment  was  then  discontinued  for  several  months.      During  the 
*'*  [tin  of  this  lime  there  were  evidences  of  relapse  and  reapjjcarance  of  ulcers  and 
The  case  was  seen  at  various  stages  by  a  large  number  of  \\\e.  profession. 

^  The  patient  subsequently  relapsed  somewhat  on  a  discontinuance  of 
•treatment;  was  again  treated,  though  with  less  benefit,  by  our  as- 
nt,  Dr.  Sterling.     Among  other  methods  central  galvanization  was 
A  but  without  perceptible  eflfect.     In  the  course  of  a  year  the  pa- 
«t  died  exhausted. 
\<^lopecia. — In  this  condition,  local  galvanization  has  been  used  with 

hie  benefit     Our  own  observations  in  this  particular  afleclion  have 

I  been  very  extensive. 

he  question  that  has  been  often  asked  us,  whether  parasites  on  the 
I  can  be  killed  by  a  current  that  the  patient  can  easily  bear,  we  are 
blc  to  answer. 
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Permanence  of  the  Results. — The  very  natural  question,  whether  the 
results  obtained  by  electricity  in  diseases  of  the  skin  are  more  penna- 
nent  than  those  obtained  by  ordinary  methods,  the  future  must  ansirer. 
That  relapses  may  occur  after  a  cutaneous  disease  has  even  yielded  to 
electrical  treatment,  already  has  been  demonstrated.     To  what  extent 
central  galvanization  and  general  faradization  combined  with  local  treat- 
ment can  control  the  diathesis  must  be  ascertained  by  patient  and  per- 
sistent experiment. 

That  the  results  of  electrical  treatment  are,  to  say  the  least,  as  per- 
manent as  those  derived  from  the  accepted  methods,  and  that  after  lAe 
accepted  methods  have  partially  or  entirely  failed,  electricity,  either  alone 
or  in  conjunction  with  the  accepted  methods,  may  succeed,  we  have  sat* 
isfactorily  established. 
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Among  the  diseases  of  the  organs  of  digestion  for  which  electricity 
has  been  successfully  employed,  are  dyspepsia,  Jauniiii-f,  £onstipalion^ 
chronic  diarrhxa^  gastralgia^  abdominal  neuralgia^  vomiting  or  regur- 
gitation, flatuhnce^  and  sta-sickness, 

'  EUctro  Diagnosis. — Irritable  conditions  of  the  stomach,  liver,  and  in- 
testines are  sometinjes  revealed  by  their  sensitiveness  to  the  electric 
current.  Pains  must  be  taken  to  distinguish  the  sensitiveness  of  the 
skin  from  that  of  the  internal  organs. 

An  anojsthetic  condition  of  the  liver  is  sometimes  exceedingly  marked. 
In  several  of  our  cases  the  whole  power  of  the  faradic  apparatus  was 
not  painfully  felt,  when  localized  through  the  liver  by  large  sponge 
electrodes.  Irritability  or  ulceration  of  the  large  intestines  is  some- 
times indicated  in  a  very  marked  manner.  For  the  diagnosis  of  the  dis- 
eases of  these  organs,  the  faradic  current,  on  account  of  its  superior 
niechanicul  effects,  is  preferable  to  the  galvanic. 

In  nervous  dyspepsia  there  is  frequently  a  peculiar  and  very  unpleas- 
ant tenderness  in  the  epigastric  region,  so  that  only  a  very  mild  current 
can  be  borne.  In  some  cases  a  thrill,  with  a  sinking  sensation,  is  felt 
v'hen  the  electrode  with  a  strong  current  is  passed  down  the  spine  ;  in 
other  cases  the  application  of  a  strong  current  at  the  cilio-s|)inal  centre, 
or  on  the  crown  of  the  head,  causes  a  feeling  of  nausea.  The  spinal 
irritation,  on  which  nervous  dyspepsia  so  frequently  depends,  is  indi- 
cated by  tenderness  of  the  dorsal  vertebrae,  as  revealed  by  pressure  or 
Application  of  the  current. 

General  Principles  of  Electrical  Treatment. — Electrical  treatment 

\  is  serv-iceable  in  the  diseases  of  the  organs  of  digestion  in  two  ways : 
J*ir5t^  by  improving  the  nutrition  of  the  tissues  of  the  organs  ;  Secondly^ 
by  improving  the  nutrition  of  the  brain,  spinal-cord,  sympathetic,  and 
entire  nervous  system.    The  tonic  influence  on  the  nervous  system  may 

[be  obtained  by  central  galvanization,  and  by  general  faradization. 

ITie  mechanical  influence  on  the  tissues  of  the  viscera  may  be  db- 


My  said,  then,  that  we  k 
sure  to  relieve  the  leading  and  concomitant  ph 
general  faradization  an«I  central  galvani/.atii 
ihis  we  sometimes  use  galvanization  of  the  sj 
gastric,  and  spine.  General  fara(ii/alion  relii 
not  so  much  by  the  virtue  of  its  influence  ott 
it  directly  affects  the  stomach — as  by  its  influei 
lion  of  which  the  dyspepsia  is  a  sym|»tom. 

The  number  of  our  cases  in  which  dysiJcpsi 
was  comparatively  small ;  the  number  in  whid 
companying  symptom  was  quite  large.  Most 
ner>'ous  exhaustion,  and  hypochondria.sis,  an< 
of  neuralgia  and  paralysis,  were  more  or  less  coi 
tic  sym|)toms.  Relief  of  dyspepsia  is  one  of  J 
provement  under  eleclri/ation,  even  when  Ire 
merely  an  incidental  condition. 

The  stomach  and  liver  may  be  indirectlj 
pneumogastric  in  the  neck ;  the  stomach,  Hi 
intestines  may  be  directly  faradi/ed  by  apply! 
very  fine  pressure  over  ihc  back  and  abdomei 
rent  direcily  through  the  organ  that  we  wish  U 
of  disease,  these  organs  will  bear  strong  cun 
comfort.  Either  stable  or  labile  applications  i 
gard  to  the  direction  of  die  current,  fi-om  thre« 
Ipnger- 

Progrtosis. — For  the  temporary  or  permane 
pepsia,  the  prognosis  under  the  treatment  ab 
ingly  favorable,  and  the  results  ohtatntd  by  ,^ 
antral  gahatthation  ahnt  are  some  of  the 
peutics.    Case.,  of  nervous  dysi^eiisia,  with  thci 


qiient  in  this  disease,  especially  under  bad  hygiene ;  for 
ttie  tendency  to  nervous  dyspepsia  is  hereditary,  and  is  con- 
to  manifest  itself. 

ipanied  by  a  voracious  appetite  and  a  comtant  burning  in  the  */«ww- . 
)proximat<  rectfvery  under  treatment  by  general  faradization. 

V. — The  case  of  Mr.  S.,  aged  31,  presented  symptoms  of  the  old-fash- 
indigcslion.     His  appearance  did  not  indicate  any  special  or  anaqy* 

lusly  he  began  to  experience  an  uneasy  feeling  in  ihe  epigastric  region 
iarty  meal.     This  symptom  gradually  became  more  aggravated,  until 
:e  of  serious  annoyance. 

MB  advised  to  limit  himself  to  a  spare  diet,  and  had  attempted  to  regu- 
tity  and  quality  of  his  food-  In  this  he  faileil  on  account  of  another 
bich  before  had  escaped  his  observation.  We  refer  to  boulimia — in 
■voracious  appetite,  which  refused  to  be  controlled.  The  enormous 
■  which  he  devoured  at  every  meat  was  but  partially  digested.  A  coii- 
■O  was  occasionally  vomited.  When  his  meals  were  withlield  a  short 
Henced  an  indescribable  "sinking"  at  the  stomach,  iinjvrlling  him  to 
bdy  on  articles  of  food.  He  complained  es]>ecially  uf  a  constant  sen- 
;,  or  a  burning  pain  in  the  epigastrium,  which  was  aggravated  by  the 
ood.  We  ascribed  this  symptom  to  an  excebiive  vascular  irritation  of 
lembrone  of  the  stotnach. 
jCirctilation  was  manifested  by  cold  extremities  during  the  day,  and  hot 


I 


of  the  hepatic  function  was  evident  by  the  light  clay-coli>Ted  stools, 
xt  was  invariably  almost  colorless.  The  patient  was  accustomed  to  the 
►f  alcoholic  stimulants,  but  never  to  the  point  of  intoxication.  He  had 
aflfce  and  tea  to  excess,  but  had  for  some  months  abstained  from  Ihera 
The  faradic  current  was  acutely  felt  over  the  stomaclu  Over  the  body 
Dvever,  he  bore  a  current  of  more  than  ordinary  ititensUy.  Three  appli- 
in  the  course  of  a  week  appreciably  lessened  the  irritation  of  the  dis- 
This  effect  was  evinced  by  a  decreaiie  in  the  burning  sensation,  which 
d  as  a  disagreeable  and  marked  symptom.  The  vomiting  was  effectu- 
xl  after  two  weeks  of  treatment.  Twenty  applications  administered 
>d  of  two  months  resulted  in  an  approximate  cure, 

appetite  was  in  a  great  measure  subdued,  and  it  was  only  after  some 
:t  that  any  of  the  old  local  symptoms  returned  sufficiently  to  annoy 


istion  and  excessive  vomiting  associated  ivith  arutsthesia  and  weak' 

\side — Approximate  recovery  0/  indigestion,  etc.,  under  galvanisation 

fAetic,  pneumogcutric,  and  relief  of  the  anasthesia   under  general 


'. — Miss  C,  aged  23,  came  to  us  in  October,  1870,  with  the  following 
Ted  during  childhood  for  several  yeais  from  chorea  of  the  right 
I  age  of  twelve  entirely  disappeared. 
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She  then  enjoyed  fair  health  until  the  age  of  21  years,  when  k  coaditioo  of  aBfie» 
tioti  supervened  that  was  feirful  in  its.  effects.  Hardly  anything  coald  be  nftMarf 
upon  her  stomach,  and  during  the  winter  stie  wasted  almost  to  a.  stiadoiir,  and  ko 
lire  was  des|>aired  of.  Under  galvanization  of  the  syropathetu:  and  pacnBiactftlk^ 
her  dysperptic  symptoms  improved,  and  the  vomiting  became  decidedly  lei^  Afta 
(wo  montlis  of  thi:s  treatment,  she  had  increased  in  weight  to  her  nonn&l  staodaid, 
and  when  we  last  saw  her,  she  was  able  to  retain  the  greater  portion  of  the  ioQ4 
ingested.  Since  the  digestion  began  to  improve,  however,  the  left  side  of  the  hoi% 
became  markedly  amcsthelic,  cold,  and  greatly  deficient  in  strcngtlu  The  offotiu 
side  was  sligiiily  aflected.  General  faradizatioa  repeated  six  or  eight  times  aitBatf 
completely  relieved  these  ^mptoms. 

Dytptpsia  of  many  year ^  standing — Great  improvement  mnJer  gnurut  /^wliam- 
tion,  an  J  increase  in  weight  0/  thirty  pounxis. 

Cask  CXLVL— Mr.  T ,  a  bookseller,  aged  31,  stated  that  for  a  fnttakar  W 

years  he  imd  suffered  from  chronic  dyspepsia^  whidt  had  rendered  lib  Uf«  tntsenUL 
He  had  lost  tnuch  in  flesh.  Although  5  ft.  8  ins.  in  height,  his  weight  w*$  Int  AaH, 
one  hundred  pounds.  He  complained  of  regnrgilations  from  the  sttunach  af  ao  i»* 
tensely  sour  liquid,  and  on  rising  in  the  morning  he  was  often  troaMed  with  Pfroav 
Tympanitis  was  a  frequent  sjmptom,  and  oftcntimeii  the  accumuiation  of  gas  «ttlia 
the  stomach  embarrassed  the  respiration  and  disturbed  the  nctioii  of  the  kon. 
Treatment  was  commenced  about  the  middle  of  Octolicr,  tS66,  ;9nii  continiMiK* 
four  weeks,  general  faradization  being  applied  ilirec  times  each  week,  ThcdcDyit- 
gurgitations,  the  tympanitis,  and  pyrosis  gradually  ceased  to  annoy  htm  ;  aal  «feff 
the  tenth  application,  he  informed  us  that  during  the  month  he  luul  increased  ia  ««%%( 
some  fifteen  pounds. 

About  the  beginning  of  January,  1867,  he  called  npon  us,  stating  that  ha  ImM 
was  excellent,  and  that  his  total  increase  in  weight,  since  he  first  commenoed  !!•<• 
ment  by  electricity,  was  some  thirty  pounds.  He  said  llint  he  ilid  not  feel  thtt  hit^ 
gestive  organs  were  as  strong  as  they  had  been  before  he  was  attacked  with  J»^<?- 
iia,  but  they  bad  ceased  to  give  him  any  considerable  •nnoyance. 

Nen>ous  dyspepsia,  associated  with  periodical  attacks  of  hexutoiAe  etnd  vomntimg~^f- 
proximate  recovery  and  ra^d  increase  tn  tuetght /»Uo^  gettrr^  farMttattitii. 

Case  CXLVII.— A  young  man  consulted  us  in  the  iall  of  1S66  for  a  penfato* 
form  of  nervous  dy««i>epsia. 

He  was  of  a  weak  nervous  organization,  and  presented  a  remarkablr  aaaak  m' 
emacialftl  appearance.  Every  month  or  six  weeks  he  was  prostrated  by  a  levo**' 
tack  of  licadache  and  vomiting,  from  the  effects  of  which  \\c  would  not  rccowiv 
several  days.  In  administering  a  general  application  of  the  farodic  cvrrcBt,  il  >■ 
found  that  the  liver  was  relatively  the  most  sensitive  to  its  influence.  So  -iHrr*^ 
was  the  sensation  produced  by  the  electricity  in  this  organ,  that  very  decaMMi^ 
toms  of  faiiitness  followed.  He  soon  rallied  from  its  eflects,  and  witen  tw  n«Mi« 
two  days  subsequently  he  expressed  himself  as  having  experienced  very  Tmrr^r*  ^ 
grateful  relief.  At  each  sitting  he  was  able  to  bear  a  more  intense  cvrreac  »««r  ^ 
digestive  organs  and  body  generally.  The  beneficial  effects  of  the  appUcatiia*  MW 
•con  maiufest  by  a  more  natural  and  lively  appetite,  relief  of  cottsUiNUiai^  fay  W^ 
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koeased  vigor  of  mind  and  body,  and  by  the  non-recurrence  of  his  usual  paroxysm 
o(bad«che  and  vomiting.  The  first  application  was  given  October  24,  and  the  fif- 
tattb  and  last  in  the  early  part  of  December.  During  the  treatment  the  weight  of 
tittlfalic&t  increased  from  106  to  115. 


A  number  of  cases  in  which  nervotis  dyspepsia  was  a  symptom  will 
Ic  found  imder  hysteria  and  allied  aflfections,  neuralgia  and  paralysis. 

Omstipation,  Chronic  Diarr/iaa,  and  Jaundice. — Constipation^  asso- 
ciated with  and  constituiing  a  part  of  nervous  dyspepsia,  is,  like  dys- 
pepsia, disposed  to  yield  rapidly,  and  often  permanently,  to  electrizar- 
tion.  Next  to  insomnia,  it  is  the  symptom  first  to  yield,  after  general 
farafliration  is  used,  even  though  there  may  be  subsequent  relapse. 
Very  many  of  the  cases  related  tmder  dyspepsia,  hypochondriasis,  hys- 
,  and  nervous  exhaustion,  were  to  a  greater  or  less  extent  troubled 
Kill  constipation,  even  when  this  symptom  was  not  specified ;  and  in 

t  njajority  of  cases  there  was  important  relief. 

The  relief  is  sometimes  merely  temporary  ;  relapses  are  most  likely 
lo  occur  in  those  cases  that  are  of  a  hereditary,  or  at  least  life-long 

I  Dot  unfrcquently  happens  that  a  strong  application  is  followed  the 
*t  or  even  the  same  day  by  a  freer  alvine  discharge  than  usual. 
OBstipation,  much  more  frequently  than  is  supposed,  depends  on  an 
''table,  exhausted,  or  congested  condition  of  the  spinal  cord.  That 
y^Iitis  and  the  more  serious  lesions  of  the  spinal  cord  are  accompa- 
^•«i  by  a  deranged  condition  of  the  bowels,  either  constipation  or 
"i^rrboea,  is  fully  recognized;  it  is  not,  however,  so  well  understood 
'"^t  ipxnal  irritation^  even  in  its  milder  degrees,  may  have  constipation 
"'f  One  of  its  symptoms,  and  that  this  symptom  will  disappear  with  the 
•"ernoval  of  the  cause,  by  treatment  directed  to  the  spine.  For  those 
•^^^  that  result  from  incurable  disease  of  the  brain  or  spinal  cord  only 
'^Jporary  relief  can  be  obtained.  In  such  cases  relapse  usually  occurs 
**soon  as  the  treatment  is  discontinued.  Very  obstinate  and  life -long 
^^s  of  constij:>alion  sometimes  are  not  benefited  by  any  form  of 
*'<?ctrical  treatment. 
Electrization  may  be  said  to  relieve  constipation  in  several  different 

[l.  By  its  general   tonic  effects  on  the  system  at  large,  on  the  same 
ciple  that  it  relieves  nervous  dyspepsia. 
By  its  tonic  efTects  on  the  central  nervous  system,  and  especially 

\  the  spinal  cord.     On  account  of  the  fact   that  very  many  cases  of 

^rutipation  dej^nd  on  a  morbid  condition  of  the  c  )rd,  special  attcn- 
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In  some  cases  of  very  obstinate  constipation  it  is  of  advantage  to 
localize  the  current  by  internal  applications.  This  may  be  accom- 
plished by  means  of  a  rectal  electrode  (Figs.  117  and  118).  This  may 
either  be  non-insulated,  or  insulated  up  to  a  point  near  the  tip,  and 
may  be  double  or  single.  A  very  powerful  current  may  be  borne  in 
the  rectum  without  discomfort.  The  other  pole  may  be  applied  at 
different  points  over  the  abdomen. 

With  the  double  rectal  electrode,  as  with  double  electrodes  of  all 
kinds  there  is  so  small  a  portion  of  the  body  interposed  that  the  resist- 
ance is  very  feeble  and  only  a  slight  current  will  be  borne. 


FJo.  iiy. 

Kectol     Electrode — aon-insuk- 
Ud  (Kidder). 


Fic  119. 

Double  Rectal  Electrode 
(GiUvano-Farsidic  Mfg.  Co. ) 


Fig.  ijS, 


In  a  case  of  obstinate  constipation  following  parturition  we  tried 
in  succession  external  and  internal  faradisation  and  external  and  in- 
ternal galvanization  with  strong  currents  without  effect. 

Ileus  {Invagination).— K\i\\^^^  reports  two  cases  where  powerful 
faradization  availed  to  cure  constipation  when  the  ordinary  remedies 
Wad  been  tried  in  vain.     The  negative  pole  was  appUed  to  the  spine, 


582 


DISEASES  OF  THE  ORGANS  OF  DIGESTION. 


and  the  positive  passed  over  the  abdomen  in  the  region  of  the  \ii0 
intestine.     In  three  minutes  a  very  abundant  evacuation  appeared. 

The  second  case  was  severe,  but  not  as  long  standing  as  the  oil 
The  patient  passed  much  blood  at  stool,  and  was  fast  becoratng  < 
hausted      The  same  application  brought  relief,  ihough   not  so  '. 
as  in  the  preceding  case.     In  two  cases  of  ileus  that  we  treated  if 
way  there  was  relief. 

Dr.  Clemens,  of  Frankfort,  states  that  he  has  succc 
invagination  by  first  administering  one  or  two  tablespooM 
mercury,  which  settled  down  to  the  seat  of  the  inva^natioa.    The  J 
live  electrode  was  applied  over  the  supposed  seat  of  the  disease,  i 
the  positive  in  the  rectum.     Voltaic  alternatives  were  used-* 


Chronic  diarrheta  of  six  monthf  Jtandirtg,  atwciattd  with    genermt 

Marked  tenderness  over  the  transverse  co/on —  Treated  by  f  mimif  jTinMft'Mn  w, 
with  special  reference  to  the  tender  spot — Recovery  in  tkret  mteeJkt. 

Case  CL.— A  lady,  aged  35,  sent  to  us  by  Dr.  H.  H.  Gregoty,  for  a  cHnl 
neuralgia,  from  which  at  times  she  suffered  excessively.  The  faxadic  current  was  n^^^ 
over  the  whole  body,  and  produced  no  discomfort,  cxccpliug  when  it  was  sent  tliiii^ 
a  certain  part  of  the  intestinal  tract. 

This  tender  spot  was  located  on  the  right  side,  directly  over  the  traas«cri(< 
Over  no  other  portion  of  the  abdomen  was  &be  at  all  sensitive  lo  li:^  electridtj, 
at  this  point  a  very  moderate  current  produced  a  disagreeable,  shari),  btimiaf 
similar  to  that  caased  by  making  the  application  to  a  raw  surface.  Upon  ta 
the  patient  stated  that  for  six.  months  she  bad  httsi  annoyed  by  a  diarrfaoB!,  y 
persisted  in  spite  of  persevering  and  judicious  medication.  She  was  obli^ttd  tooa^ 
else  the  utmost  caution  in  her  diet,  for  the  least  indiscretion  in  eating  w«s  ccrtaku 
aggravate  her  disorder. 

We  now  directed  the  applications  more  especially  to  this  tfnder-  soot,  uid  SOM  «^ 
served  some  amelioration  of  her  diarrhoeal  s)'mp(oms.  The  stools  BssuianlalfW 
consistency  and  a  more  healthy  color,  and  in  proportion  as  she  improved  m  <&^ 
respects  the  tender  spot  became  less  sen^tive  to  the  influences  of  tJte  decttic 
Eight  applications,  extended  over  a  period  of  three  weeks»  resulted  ui 
covery. 


iatj,H 
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Diarrkaa  of  several  month/  standing  in  a  lad  of  tvtehte  yeeu^s^  eetUMd  ty  t 

cold—Recovery  under  ten  general  faraditations — /ncreasr  im  wtigkl. 

Case  CLI. — J.  W,,  aged  twelve  years,  was  annoyed  by  an  eatce 
of  the  bowels,  which  had  persisted  for  several  months  in  spite  of  every 
medication  that  had  been  tried.  He  was  of  a  delicate  constituliot^  but  atfl  tkfe' 
attack  of  diairhoca  he  had  always  enjoyed  a  good  degree  of  bealilu  His  ohocbcrtf* 
tributed  his  disorder  to  exposure  during  a  cold,  damp  day,  at  n  time  when  1^  V^*" 
was  a  little  below  par  from  too  close  confinement  in  the  scbool-rooca. 

A  moderate  amount  of  food  caused  no  discomfort,  but  his  power  of  1 

•  Althaus,  op.  dt.,  p.  603. 
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■  eonnderahly  impaired,  as  shown  by  the  great  quantity  of  alir  lent  that  passed  his 
bowels  daily.  Ordinarily  he  had  five  or  six  evacuations  during  the  twenty-fuor 
boon;  but  if  he  indulged  to  any  extent  in  athletic  exerci&es  the  symptoms  became 
mure  urgent. 

On  one  occasion,  after  indulging  for  an  honr  in  a  game  of  baJl,^  b«  was  jutnoyed 
dniisg  ttie  night  by  nearly  a  dozen  evacuations,  which  were  attended  with  consider* 
»b(epaia.  As  might  be  inferred,  this  constant  drain  upon  his  system  had  still  further 
decreased  his  Umitcd  stock  of  vitality,  and  he  had  lost  within  three  months  some 
titlre  pounds  in  weight. 

The  6rst  four  applications  worked  no  important  change  in  his  general  condition. 

After  the  fifth  visit  there  were  manifest  signs  of  improvement.  During  the  twenty- 
fcor  boors  following  he  was  compelled  to  evacuate  hb  bowels  but  three  times, 
instead  or  five  or  six.  The  improvement  continued  after  each  subsequent  applica- 
tioQ,  ontil  the  nomber  was  reduced  to  one  daily.  The  faeces  were  of  a  lirm  consis* 
teocyami  unmixed  with  untligcsted  food.  The  evacuations  caused  no  suflTering,  and, 
nwe  than  all,  he  had  gained  nearly  six  pounds  in  weight.  He  could  indulge  ia  ail 
UietHdijury  sports  of  his  school-fellows  without  any  evil  consequences  following. 

Tile  patient  was  under  treatment  nearly  a  mouthy  and  the  number  of  applications 
•Jrainistcred  was  ten. 

CirtHtt  diarrkaa  tttitk  exctssiw  pains  in  back  and  abdomen — Great  dtbility — Vtry 
great  improvement  from  general  faraditation, 

Casb  CLII. — Miss  L»  a  lady  30  years  of  age,  Vas  referred  ro  us  by  Prof.  J.  T. 
Metalfe,  Oct.  21,  1S69,  to  be  treated  for  chronic  diarrhoea  of  four  years'  standing, 
*««nuted  with  some  anxmia  and  musculax  weaknesi.  The  duscharges,  sometimes 
*"**!  *^^lyi  were  frciuently  fjllowed  by  severe  pain.  Debility  was  st>  cxccs^iive 
laat  she  was  over-fatigued  by  a  walk  of  a  quarter  of  a  mile.  Her  appetite  was  capri- 
*"'<'*  and  digestion  imperfect,  and  the  condition  of  her  bowels  made  necessary  con- 
^*^^  caution.  The  patient  referred  her  difEculties  to  exhaustion  caused  by  attend- 
**«  on  an  invalid  sister. 

*^ectric  examination  revealed  a  marked  tenderness  over  the  transverse  colon,  which 
"'iftl  at  different  times. 

^00  patient  was  treated  by  general  faradization,   at   hrst  cautiously,  but  soon  as 

"•P»OTed  able   to  bear  it,  with  greater  freedom,  by  intervals,  for  three  months,  the 

Wcuions  being  made  every  other  day.      Improvement  began  early,  and  its  march 

*•* Continuous  and  mnstly  uniform.     The  discharges  were  gradually  reduced  ia  fre> 

^'***y.  with  relief  of  the  accompanying  pain,   though  two  slight  relapses  occurred 

'**•»  imprudence  at   the   table.     The  excessive  pain  in  the  back  was  relieved  tempo- 

^'y  with  each  application.     From  week  to  week  her  strength  improved,  and   at 

7*  close  of  the  treatment  she  could  walk  two  miles  with  pleasure.     The  increase  in 

^  Md  hardness  of  the  muscles  of  the  upper  and  lower  limbs  was  palpable.     Occa- 

''^'tUl  attacks  of  looseness  of  the  bowels  annoyed  her  even  then,  but  they  were  not 

^ompanied  by  the  severe  pain,  and  were  quite  readily  checked  before  they  had  time 

^impair  nutrition  or  reduce  the  system. 

A  letter  received  f.oin   the  patient  in  September,  1S69,  reported  that  in  the  main 
*•>«  had  retained  the  improvement  derived  from  the  treatment. 

Ia  this  case  very  strong  and  quite  protracted  applicaticas  were  gtven»  aotl  with 
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anof^iaaL  Onlj  the  fandic  carrent  ««s  emplojod,  since  it  i 
tM  tfe  UkataoHL  The  tempomy  eScots  of  general  Undiud'um- 
wih  a  fBdmg  of  vwmdi  and  oldianuiaa — were  stiildagly  ofasenred  after  a 


That  the  opposite  symptoms — diarrhcea  and  constipation — are  I 
maoDesdaJlj  by  electricity  need  surprise  no  one  who  thorou 
jiffeh^fM^g  the  fact  that  electrical  treatment  improves  nutritio 
may  be  used  to  combat  any  diseases  that  depend  on  depraved  i 
tioB,  whaxever  the  symptoms  by  which  the  depraved  nutrition  manife( 
itseiC 


Jhinitof  «w/4  dAUity  »f  tix  montk^  standing — Rapid  recovery  under  gentr%i  j 

aditatian. 

Case  CLIII.— Mr.  R.,  aged  aS,  had  suffere.!  at  intervals  from  jiin lice  a 
with  excessive  phyacal  prostration  for  nearly  six  months. 

His  bowels  were  obstinatelj  constipated,  axuJ  had  been  so  during  all  ihh 
bodiiy  derangement.     He  had  been  physicked  at  varioas  times,  and  most  th 
by  calomel  podophyilin  azid  other  cathartics,  and  had  been  constantly  uoder  tbe  nfti* 
ence  of  tonic  remedies.      These  efforts  had  resulted  only  in  temporary  reliei,  *b4  tt 
the  time  he  applied  to  na  for  OctttaDcat  the  patient's  appearance  was  typical  o(  i 
aggravated  case  of  jaoikKce. 

Wc  submitted  him  oo  alternate  days  to  genera)  faradization  with  rapid  and  i 
cffecL    The  consUpatioo  was  first  relaeved,  and  then  followed  an  bcrease  ofapfcti 
at  tbe  same  time  his  ikxa  became  dearer,  and  be  increased  both  in  stroictbi 
weight. 

The  fudt  was  oomplete  recorery  within  a  month. 

(For  Gastralgia  see  chapter  on  Neuralgia.) 

Rigmrp^tti^m  and  Vomiting. — For  those  cases  of  vomiting  that  Vf 
tjftm  otmovaly  nervous  character,  galvanization  of  the  sympathetic  afi^ 
pneomogastTic,  or  strong  faradization  through  the  stomach,  is  sonietini 
of  tmponant  service.     Successful  results  have  been  obtained  by  Pcpp 
and  Brichelean.     The  latter  treated  with  success  three  casc-i  of  ,voifl 
ing  of  prepiancy.    His  method  of  application  was  to  place  the  elc 
on   the  epigastrium  at  the  commencement,  middle,  and  dosaj 
meal. 

It  is  well  in  such  cases,  especially  if  they  are  obstinate,  to  try  H 
ricty  of  methods  :  galvanization  of  the  sympathetic  and  vagus,  aad^ 
the  spine,  faradization  through  the  stomach  with  a  strong  stable can*"^ 
and  general  faradization. 

Dr.  F.  D.  Lcnlc,  of  Cold  Spring,  informs  us  that  he  has  met  wilhi 
celleDt  success  in  the  treatment  of  vomiting  by  faradization.    In  J 
;  the  etiects  are  immediate. 
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Flatulence. — Flatulence  is  a  symptom  of  disorder  of  the  digestive  or- 
|ttil  that  very  readily  yields  to  electrical  trealinenl.  It  demands  the 
bme  treatment  as  dyspepsia  and  constipation.  Those  very  frequent 
bases  that  depend  on  spinal  irritation  and  congestion,  and  on  hysteria, 
Bwd  central  galvanization  or  general  faradization ;  cases  that  depend 
otian  attack  of  acute  indigestion  may  be  advantageously  treated  by  in- 
temil  applications,  one  pole  being  applied  to  the  rectum  by  the  rectal 
electrode^  and  the  other  to  the  spine  or  abdomen. 

flatulence  was  a  symptom  in  very  many  of  our  cases  of  dyspepsia, 
kj^ierio,  and  spinal  irritation,  and  ahnost  uniformly  it  temporarily  or 
pcmunently  yielded, 

Sea-sickfiess, — In  October,  1869,  Mr.  Le  Com'at,  a  French  surgeon, 
presented  a  method  of  treating  sea-sickness,  before  the  New  York  Med- 
ical Association.  Subsequently  a  detailed  account  of  the  method 
WW  published  by  Dr.  Dwinelle,*  who  had  experienced  the  good  eflfects 
of  ihe  treatment  on  his  own  person  in  a  passage  across  the  Atlantic. 

His  method  was  to  first  apply  a  quantity  of  solution  of  atropine — one 
S^n  to  the  ounce — to  the  epigastrium,  then  to  apply  a  flat  disk,  con- 
nected with  a  faradic  apparatus,  over  the  pyloric  extremity  of  the  stom- 
*fh,  while  a  moistened  sponge  connected  with  the  positive  pole  was 
P**sed  over  the  surface,  from  the  cardiac  to  the  pyloric  orifice. 

^'igorous  contractions  of  the  muscles  appeared  during  the  applica- 
^^'ons,  which  were  followed  by  agreeable  repose. 

L*  Gonial  claims  to  cure  by  this  method  ninety  per  cent,  of  his  cases. 

^e  statements  made  by  Coniat  and  Dwinelle  lose  much  of  their  sci- 
entific as  well  as  of  their  practical  value,  from  the  fact  that  the  atropine 
**s  Combined  with  the  faradization, 

^Jiere  is  little  doubt  that  the  passage  of  the  electric  currents  through 
"^  body  faciJjtates  the  absorption  of  liquids,  placed  beneath  the  elec- 
^^ ;  moreover,  it  is  well  known  that  the  skin  is  capable  of  absorbing 
'^^'ds  without  the  aid  of  the  electric  currents.  The  quenching  of  thirst 
y  IJaihing  is  a  very  familiar  illustration. 

"Then  again,  atropine  is  a  remedy  so  powerful  that  -^  or  even  yj^ 
'3  grain  is  sufficient  to  powerfully  affect  the  nervous  system,  when  ad- 
''^listered  hypodermically.  Futhermore,  it  is  a  remedy  for  sea-sickness 
*d  sick-headache,  as  has  been  shown  by  experiments  of  ourselves  and 
'hers  who  have  employed  hypodermic  injections  of  this  remedy  com- 
"led  with  morphine.  A  dose  containing  y^  of  a  grain  of  atropine 
I  of  a  grain  of  morphine  is  sufficient  in  certain  cases  to  relieve  the 

•  New  York  Medical  Journal,  1S69,  p.  390. 
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mottBtB.  and  ronuting,  and  produce  sleep — the  same  effects  that  are  ( 
doeed  bf  tbe  operation  of  Le  Coniat. 

Rro^  an  these  considerations,  taken  in  connection  with  tbe  fui 
ooesidtiatioD  Aat  sea-sickness  is  probably  not  a  disease  of  the  sto 
jjoac^  bol  of  the  central  nervous  system,  of  which  the  nausea  and  voi 
iQg  aie  frequent  but  by  no  means  necessary  symptoms,  we  are  stroRj 
OQcfiofcd  to  the  belief  that  the  results  obtained  by  Le  Coniai's  proco 
ooold  have  been  obtained  with  much  less  difficulty  by  h^'podcrmic  i 
DOBS  of  atropine. 

The  true  way  to  settle  the  question  experimentally  would  be  to  t 
a  large  number  of  patients  by  all  three  different  methods — sorocbv* 
procedure  of  l^  Coniat,  others  by  the  same  method  without  IhcJ 
pine,  and  others  by  hypodermic  injections  of  atropine. 

Electricity  must  be  proved  to  have  some  very  potent  influence  i 
sea-sickness,  in  order  to  persuade  patients  and  physicians  to  attmflk 
use  on  shipboard-  A  surgeon  in  the  United  Slates  Navy  reports  to  t 
that  he  has  had  good  results  in  the  treatment  of  sea-sickness  by  ian&J 
zatioQ. 


CHAPTER  XXVIII. 


DISEASES    OF    WOMEN. 


The  diseases  of  female  sexual  organs  for  which  electricity  has  been 
proved  to  be  of  service  arc  the  symptoms  of  amenorrhcca,  dysmenorrhea, 
menorrkagia,  and  Uucorrhaa^  although  some  important  results  have 
been  obtained  in  irritation  and  inflammation  of  tlie  ovaries,  chronic 
metritis,  enlargements,  displacements,  and  atrophy  of  the  uterus, 

Ammorrhoea,  dysmenorrhtza,  menorrhagia,  and  Icucorrhaa, — These 
symptoms  of  disease  are  of  course  most  amenable  to  electrization  when 
they  arc  not  dependent  on  any  severe  or  incurable  pathological  condi- 
tion, but  are  merely  indications  of  functional  derangement.  The  in- 
consistency and  uncertainty  of  the  results  of  the  treatment  of  these 
symptoms  by  electricity  is  entirely  explicable  to  all  who  are  conversant 
with  uterine  pathology  ;  cases  that  are  indiscriminately  treated  by  any 
I  method  must,  of  course,  frequently  result  in  a  manner  very  disappoint- 
ing. While  this  is  true  of  all  the  so-called  functional  diseases  of  all  parts 
of  the  body,  it  is  especially  so  with  regard  to  the  diseases  of  women. 

Treatment  of  Diseases  of  the  Uterus. — Local,  central,  and  general 
treatment  may  be  employed.  The  local  treatment  may  be  either  ex- 
ternal or  internal. 

External  Method. — Externally,  the  uterus  and  its  appendages  may 
be  electrized  by  placing  one  pole  wiih  firm  pressure  over  the  hypogas- 
tric region,  and  the  other  over  the  lumbar  region  of  the  spine. 

This  method  is  sometimes  as  effective  as  internal  applications,  and, 
in  virgins  at  least,  should  always  be  tried  at  first.  In  this  method 
benefit  is  derived  partly  from  the  effect  of  the  current  on  the  lower  part 
of  the  spinal  cord  and  live  abdominal  ganglia  of  the  sympathetic 

Internal  Method. — Electric  currents  may  be  localized  in  the  female 
organs  of  generation  in  a  variety  of  ways.  One  pole  may  be  applied 
to  the  OS  by  means  of  an  insulated  electrode  with  a  metallic  bulb 
(Fig.  121),  while  the  other,  vtnth  a  broad  electrode,  is  applied  to  the  back, 
or  on  tlie  h)'pogastric  region,  or  over  one  of  the  ovaries.  Instead  of  a 
metallic  bulb  the  uterine  electrode  may  be  composed  of  branches  to 
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clasp  the  cervix.     A  much  stronger  current  can  be  borne  at  iht  cena  i 
than  would  be  sup|>oscd. 


Tig.  tao. 

Faradization  of  the  Uterus, — One  of  the  poles  is  connected  withal 
electrode,  one  branch  of  which  is  placed  on  the  lumbar,  and  the 
hypogastric  region.     The  other  pole  is  applied  in  the  cervix  (or  at  the  •«>  kf  * 
insulated  uterine  electrode,     (The  normal  position  of  the  uterus  u  afker  ^ 
and  Dubrif^y.) 

A  method  of  faradizing  the  uterus  is  represented  in  the  accompavy*! 
cut  (Fig,  120). 

For  intra-ulerine  faradiiation  we  have  devised  an  inira-idtrimt  A^ 
trade  which  is  represented  in  the  cut  The  basis  of  the  instnuneii  i 
similar  to  Sims's  sound.  This  is  insulated  with  varnish  up  to  WJii 
three  inches  of  the  extremity  ;  the  handle  is  of  hard  rubber,  aod  b  ^ 
vided  with  a  hole  and  screw  for  fastening  the  connecting  wine  «rf  ** 
apparatus,  and  a  button  connected  with  a  spring,  by  means  of  which  4« 
connection  of  the  current  can  be  made  or  broken  at  pleasure.  T^ 
manifest  advantages  of  the  interrupter,  which  is  similar  to  thatrf^i 
universal  electrode  holder  (Fig.  122),  is  that  it  dispenses  with  #■ 
necessity  of  waiting  until  tJie  instrument  is  in  situ  before  conn<Ci^  i 
it  with  the  apparatus,  and  that  it  makes  it  convenient  to  give  nji' 
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drawing  them  in,  they  close  as  b  Fig.  125.  The  instrument,  which  is  4e 
same  in  principle  as  the  double  vesical  electrode^  is  introduced  «ide 
closed,  as  in  Fig.  125,  and  opened  so  as  to  clasp  tlie  neck  of  the  aten& 
One  of  the  insulated  wires  is  connected  with  the  positive  amd  the  060 
with  the  negative  electrode.  By  this  means  the  current  is  very  dotdy 
localized  in  the  neck  of  the  uterus. 

Concerning  these  internal  appticAtioiii 
of  electricity  to  the  uterus,  it  m^  be  tt^ 
marked  : — 

First — Thai  in  those  cases  wl 
cal  treatment  is   indicated,  appli 
to  the  cervix  or  in  the   uterus 
quentty  much  more    efficacious  tlon  ct 
lemal  applications,  even  with  the 
est  currents.      For   this  reason  tt 
cessary,  even  with   virgins,  to  ini 
internal  treatment,    especially 
ternal  treatment  has  failed.    The  oi 
electrode  (Fig.  121)  ca.n  usu 
duced  into  the  vagina  as  n 
Fig.  ,84.  FiG.  t.5.  finger.    The  intrauterine  electro«k 

Duchenne's  Double   Uterine   Elec-  not  well    be    introduced  without  tfac 
^''™*-  of  a  speculum. 

The  other  pole  may  be  applied  to  the  back  or  abdomen  by  mcaaif^ 
a  flat  metallic  surface  or  plate  covered  with  moistened  sponge. 

Secondly — Internal  electrization  is  not  so  painful  as  external.   ^099^ 
ful  currents  can  be  borne  at  the  cervix  and  in  tJie  uterus  for  a  Jong 
without  inconvenience.     Patients  usually  complain   more  o£  ibe 
beneath  the  electrode  whiph  is  applied  on  the  back  or  abdonnefl, 
when  the  negative,  which  is  the  stronger  and  more  paioftil,  i» 
internally. 

Triplet,*  who  has  carefully  studied  the  subject  of  localized  fartdij** 

of  the  uterus,  is  accustomed  to  place  one  pole  in  the  bladder  by  no* 

of  a  vesical  insulated  electrode,  or  in  the  rectum  by  a  rectal  cicctroit 

In  some  cases  he  connects  one  of  the  poles  with  a  bifurcaltd  eke 

trode,  a  branch  of  which  is  placed  on  each  iliac  region,  while  tben^ 

live  pole  is  connected  with  an  insulated  rectal  electrode  io  the  «€!■• 

Fourthly — Either  current  may  be  used.     The  galvanic  as  well  %s^ 

faradJc  current  may  be  localixed  in  tlie  uterus,  and  sometimes  it  u  n** 

more  effective.     The  danger  that  the  chemical  action  of  the  ^*^ 

♦  Annales  de  i'Electro-Thfcrupie,  1863,  p.  005  el  te^ 
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rill  injure  the  Hning  membrane  of  the  uterus  is  but  slight,  pro- 
strong  currents  are  not  used,  or  the  pole  is  not  allowed  to 
ng  time  without  breaking  the  circuit, 
]U  these  methods  of  application  either  direction  of  the  current  may 

■  (See  p.  281.)  In  the  treatment  of  uterine  congestion  and 
jement,  the  positive  pole  is  slightly  preferable  to  the  negative 
Of  the  reason  that  it  has  a  more  powerful  contracting  influence  on 
■try  muscular  fibres. 

^gina  maybe  treated  by  a  metallic  vaginal  electrode  (Fig,  126), 
'hich  either  the  positive  or  negative  pole  may  be  connected.    This 
111  in  vaginal  hucorrhza  and  prolapsus. 
^tsc  local  applications  either  the  galvanic  or  faradic  currents 

■  used ;  but  the  faradic  is  usually  preferable,  because  in  the 
Wf  of  cases  for  which  electricity  is  applied  to  the  female  sexual 
I,  mechanical  more  than  chemical  efiectsare  indicated.  Especially 
the  case  in  amenorrhcea.  Furthermore,  the  currents  may  be  sta- 
labile,  uniform  or  increasing,  according  to  the  indica- 
Local  applications  to  the  uterus^  whether  external  or 

a],  may  be  continued  for  from  five  to  fifteen  minutes. 

tethods  may  be  tried  at  each  sitting. 
/  and  Central  Treatment.  — hwi  very  many,  per- 
flie  majority  of  cases  of  functional  disease  of  these  or- 
Jpquire  general  as  well  as  localized  electrization. 
■b  no  department  in  which  so  many  mistakes  have 
iiade  by  too  exclusively  local  treatment  as  in  that  of 
No  case  of  functional  disturbance  of  the  uterus 
abandoned  by  the  electro-therapeutist  until  he  has 
Vy  tried  general  as  well  as  external  and  internal 
td  electrization.  To  treat  symptoms  of  central 
nstitutional  disturbance  by  merely  local  electrization 
fical  in  theory  and  unsatisfactory  in  practice.  All 
rgans  of  generation  in  woman  as  well  as  in  man 
:  affected  by  galvanization  or  even  faradization  along 
j^  A  strong  evidence  of  the  beneficial  results  of 
Bferadization  in  these  cases  is  the  fact  that  patients 
fOtng  treatment  frequently  remark  that  their  menses 
»me  way  affected.  In  some  cases  they  are  brought 
Be  their  time,  in  others  much  increased  in  quantity.  So  fre- 
^does  this  happen  that  we  prefer  on  the  whole  to  suspend  the 
lit  during  the  menstrual  periods  in  those  cases  where  no  thera- 
ct  is  desired  on  the  sexual  organs. 
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The  time  of  making  the  applications  is  not  unimportaDt     It 
advantage,  in  amenorrhcEa  at  least,  to  concentrate  as  many  appbc 
as  possible  during  the  few  days  that  precede  the  appearanc 
menses.     And  yet  the  advantage  of  this  is  hardly  as  great  as 
supposed.    The  great  thing  in  all  but  recent  and  temporary  cases  b^ 
remove  the  anaemia  or  chlorosis,  or  nervous  exhaustion  with  which  ( 
menstrual  disorder  is  associated,  and  of  which  it  is  a  prominent  I 
Another  suggestive  consideration  is  that  the  menstrual  flow  ma?  1 
brought  on  or  increased  through  refiex  cuiion  by  localized  dectriia 
of  other  and  distant  portions  of  the  body,  as  the  hands,  feet,  chest,  i 

Statual  Electruiiy  (Franklinization)  has  been  used  for  aracnon 
and  with  varying  results.  The  very  successful  results  of  Dr.  Gok 
Bird,  in  Guy's  Hospital,  have  been  indefinitely  quoted,  but  have 
been  yet  repeated  to  an  extent  sufficient  to  show  that  this  fomi  of « 
tricity  is  superior  to  galvanization  or  faradization  in  the  treatmefll  K 
this  affection.  Otliers,  however,  as  Holsbcck,  Bitterlin,  Taylor,  Hd 
vieux,  and  Graves,  have  reported  cures  by  this  method.* 

Prognosis  in  the  Symptoms  of  Amenorrhceay  etc. — Whatever 
is  used,  time  is  required   to   insure  results.     While  it  is  true  ihat| 
single  application,    especially  internal,  may  bring  on  the  men 
nnay  even  cause  the  blood  to  appear  during  the  sitting,— yet  in 
majority  of  instances  treatment  must  be  more  or  less  protracted  I 
order  to  insure  permanent  relief.     The  very  general  tmi)rcs&ion  i 
the  object  of  electrization  of  the  functionally  diseased  uterus  is  i 
to  stimulate  the  organ  to  its  duty,  is  a  great  mistake.     Elcctr 
cures  these  diseases  as  much  by  its  permanently  tonic  effects  on  ' 
system,  as  by  its  temporarily  stimulating  effects  on  the  organs  I 
selves. 

In  nervous  dysmenorrhoea  the  prognosis  is    more  uniformly  i 
than  in  amenorrhcea.    In  amenorrhcea  the  results,  though  often  bnllt 
are  quite  capricious,  some    cases  yielding  at  once,  others  orlji 
long  treatment,  and  others  not  at  all.     In  these  remarks  on  progK)* 
it  is  assumed  that  no  severe  pathological  state  is  the  cause  i 
toms. 


Amenorrhaa  associated  with  Amemia — Recovery  under  genrrat/m 

Case  CLIV, — Miss ,  aged  20,  was  sufTering  from  a  condition  of  ec*'* 

debility  and  anarmia.     She  vras  hysterical  to  the  last  degree,  and  it  was  v^tli  t^ 
greatest  difficulty  that  she  could  be  persuaded  to  submit  to  electrisation.     1^ 
symptoms  had  annoyed  her  Tor  about  six  months,  during  which  time  the  1 
flow  had  decreased  in  quantity  and  bad  become  irr^ular  until»  some  t«»  I 

•  Meyer,  op.  dt.,  p.  451. 
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I  before  we  saw  her,  it  had  altogether  ceased.     She  was  at  once  submirted  to  general 

1  ffBraduat  ion,  and,  although  an  exceedingly  mild  current  was  used,  excessive  faintness 

Wa*  produced,  which  lasted  nearly  twenty  minutes.     Subsequent  applicntions  were 

borne  much  more  kindly,  although  the  strength  of  ihe  current  was  decidedly  increa^d. 

Her  menses  returned  after  the  eiglith  application,  and  during  the  treatment,  which 

was  continued  for  six  weeks,  the  color  returned  to  her  cheeks,  her  step  became  firm 

iftd  strong,  her  hysterical  condition  was  entirely  corrected,  and  at  the  very  least  it 

may  h«  said  that  she  was  approximately  restored  to  her  usual  health. 

AmtHfrrkaa  of  four  year f  standing,  assoriated  with  slight  anasarca  and  marked 
tbtiity — Afenses  restored  and  other  symptoHis  relieved  by  general  and  localized  ex- 
ttrnal  faradizaiton. 

Case  CLV,— Miss  H.,  25  years  old,  was  directed  to  us  by  Dr.  T.  Cock,  of  New 
YotV. 

For  four  year)  the  patient  had  menstruated  sometimes  three  times,  sometimes  but 
Jwitta  year.  She  had  increased  ein>riin>usly  in  size,  her  weight  being  iSo  pounds, 
ml  there  was  some  eiTu.sion  of  ihc  legs  and  feci,  as  manifested  by  the  indentations 
remjming  oftcr  pressure  with  the  finger.  The  patient  was  very  plethoric,  and  suf- 
fered much  from  fulness  and  oppression  about  the  head.  It  is  proper  to  remark  that 
bf.  Cock,  before  submitting  the  case  to  electrization  at  our  hands,  had  for  some 
titoc  faiihfully  made  use  of  the  internal  remedies  that  .vccmex-l  most  suited  to  it.  The 
pwicni  was  annoyed  by  cold  feel  and  hands  and  by  sudden  flushes  nf  heat.  As  in 
w»f  tx|jcricnce  general  faradization  has  been  more  successful  in  equalizing  the  circula- 
*io«i  lluji  any  other  form  of  electiiiaiion,  we  determined  to  employ  this  method.  In 
tliisisin  the  former  case,  extreme  Jiusceptibiiity  to  the  current  was  manifested,  but 
wp«i(!ing  more  on  an  excited  mental  condition  tlian  on  any  real  sensitiveness  of  the 
Bervom  system. 

The  patient  was  under  treatment  from  March  20,  1S71,  to  May  25,  1S71,  and 
•'teiveil  twenty  applications.  A  part  of  the  time  external  localized  faradization 
*>*  employed.  After  the  fifth  s^^ance  the  courses  appeared  and  lasted  two 
''*y*-  At  the  propxrr  time  during  the  course  of  treatment  they  reappeared  and 
»*»twl!iome  four  days.  The  patient  presented  herself  a  few  months  after  the  cessation 
"ft  He  stances  *nd  reported  that  not  only  the  menstrual  function  continued  to  act 
'fp^liily,  but  that  she  remaiiietl  permanently  better  in  every  respect.  The  tendency 
°«iiNhesof  heat  disappeared  after  the  first  menstruatinn,  her  extremiiics  became 
**"aer,  and  after  the  second  menstnialion  she  was  entirely  relieved  of  the  watery 
*^"siun  in  the  leg^  and  feet. 

An  interesting  but  not  altogelhcr  unusual  result  of  the  treatment  was  a  marked 
"•crease  in  flesh.  During  the  ndministralion  of  the  first  ten  applications  she  lost 
*^*e  tweuly  pounds,  and  after  the  nfonces  were  discontinued  she  submitted  to  the 
^ting  system,  and  was  reworded  by  a  still  further  decrease  in  weight. 

^'•rtwrrAra  of  a  yearns  standing,  associated  with  vertigo  and  debility^— Recovery 
under  general  faradization. 

Case  CLVI. — Miss  E.  S.,  a  school-girl  aged  t8,  was  suffering  from  suppression  that 
"^lexisted  ayear.  The  resulting  symptoms  were  pcrio<lical  altacksof  distressing  vertigo, 
'''il ft  condition  of  nervous  exhaustion  that  unfitted  her  fur  the  slightest  mental  or  phys- 


years  suffered  excessive!/  from  a  form  of  d| 

tericil  in  character,  anJ  which  seemcH  in  a  measure  to  ^ 
(deafness  which  occurred  suddenly  after  a  5ca«}n  of  ewa 
invalid  from  confinement.     General  faradization  had, 
very  materially  lessened  these  symptoms,  and  she  h 
In  March,  1S71,  her  menses  cease  1,  resulting  m  a  reli 
her  old  nervous  symptoms.     In  October  she  began 
spasmodic  contractions  of  the  miucles  controlling  di 
progressively,  increased  in  severity  until  at  times  the 
sufficient  nourishment  to  satisfy  hunger.     We  employ«| 
or  three  occasions,  but,  becoming  satisfiefl  that  it  « 
mediate  result  by  this  method,  we  res<)rte\i  to  int 
shapctl  metallic  electrode,  and  thus   localiie<'l  aroutu 
negative  electricity.     On  ihe  f.»Uowmgday  we  repea 
hours  after  the  patient  was  rewanJed  by  a  flow  so 
color  than  normal.     It  was  attended  also  by  const 
excessive  itching  all  along  the  course  of  the  vagina, 
toms  about  the  tliroal  ceased  immediately  and  cpmpli 
evidence  of  returning.     General  applications  were 
month,  markedly  relieving  her  ner\'<)us  contljijon.     / 
was  quite  normal,  and  to  the  present  date  the  palii 


Amenorrhixa  existing  two  and  a  half  years — A  cofk 
applications  t/thefaradic  ^ 

Case  CLVIII.— Miss  E.,  aged  23,  suffered  from  c 
of  great  fulness  about  the  head,  with  vertigo,  which 
on  long-continued  absence  of  the  menses. 

Aside  from  the  above-mentioned  symptoms  ^c"  6"* 
impaired.     As  general  electrization  and  goJvanijati 
evidence  of  being  of  service,  with  the  consent,  and  in 
both  the  patient  and  her  mother,  we  appliei!  the  cui 
of  an  cxccilingly  small  ball-shaped  electrode.     Four 
Icrval-s  of  three  days  resulted  in  a  copious  flow,  lasting  i 
rprise.  the  associated  svmDtoms  vrere  not  rdiecdl 
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Amtnorrkaa  existing  Jive  tnitnths — Recovery  ttnJer  frripkeral  galvanitation  (exter- 
nai)  after  failure  of faraditation. 

Case  CLIX. — Mrs.  S.,  a  widow,  nged  30.  The  patient  suddenly  ceased  men- 
fftniat'tnc  five  months  previously,  ajid,  accompanyinjj  tlic  ccAyition,  there  was  an  an- 
noying sense  of  fulne.^  about  the  head  with  vertigo.  When  she  applied  for  treat- 
ment, slie  stated  that  these  abnormal  symptoms  had  continued  without  ahalement, 
and  had  rather  increased  in  severity,  A  number  of  internal  applications  of  the  fara- 
dic  current  having  been  given  without  appreciable  result,  wc  localized  as  nearly  as 
possible  a  galvanic  current  from  twelve  small-sized  zinc-carbon  cells  through  both  ova- 
ries and  the  uterus  itself. 

The  catamcnia  returned  twelve  hours  after  the  second  application,  which  was  give* 
the  day  following  the  first.  Just  before  the  next  racnstnial  period,  the  application 
was  relocated,  and  was  follower!  by  the  asual  flow.  The  menses  app)cared  the  third 
time,  preceded  by  no  application  of  electricity.  Ah  to  further  results,  we  are  unin- 
formed. 

Amtnorrkaa  by  intervals  for  several  years — Relief  of  suppression  by  intra-uterint 
faradization  with  a  powerful  current  after  failure  of  external  applications  to  tki 
OS  by  the  uterim  electrode. 

Case  CLX. — Miss  S.,  aged  23,  was  sent  to  us  by  Dr.  Fordyce  Barker,  JtUy  6, 
1870.     During  all  her  menstrual  life  she  had  been  more  or  less  irregular. 

At  variiins  times  she  had  been  relieved  by  faradiialion  of  some  kind,  and  had  found 
by  experience  that  it  was  necessary  to  use  internal  applications.  Her  general  condi- 
tion was  not  of  the  best,  and  suppression  always  brought  general  nervous  derange- 
ment. We  treated  her  at  first  by  the  uterine  electrode  (connected  with  the  negative 
pole)  against  the  os,  and  the  positive  either  on  the  ab<lomen  or  lumbar  region. 

This  treatment,  repeated  four  limes,  brought  on  some  appearance  of  blood,  bnt 
not  the  free  menstrual  tlow.  One  application,  with  the  same  strength  of  current, 
with  the  intia-uterine  electrode  for  about  the  same  time  (ten  minutes),  brought  on  a 
profuse  flow  on  the  day  following. 

In  regard  to  the  foregoing  cases,  it  is  not  to  be  understood  that  we 
present  ihem  as  in  any  way  t}'picai  of  the  results  to  be  expected  in 
every  instance,  even  tinder  the  most  judicious  and  correct  methods  of 
electrical  treatment.  The  failures  are  sufficiently  frequent,  as  every 
one  who  has  had  much  experience  in  this  direction  will  readily  testify. 


Dysmenorrkaa  and  Menorrhagia — Anamia — Debility — Remarkable  sensitiveness 
to  the  current — Entire  recovery  under  general  faradization . 

Case  CLXI. — A  married  lady,  aged  33,  was  sent  to  os  in  the  early  part  of  1867. 
Some  ten  years  previously  her  husband  had  been  the  proprietor  of  a  large  boanling- 
sdiool,  and  the  care  and  labor  which  devolved  upon  her  as  matron  proved  too  much 
for  her  strengtlu  Her  health  finally  became  so  much  impaired  that  the  business  was 
given  up,  and  from  that  time  she  had  been  vjinly  seeking  for  pcrm.inerit  relief 
There  wai  prolapsus  of  the  uterus  of  the  fust  degree,  and  during  the  menstrual  period 
die  SI  GTered  from  general  neuralgic  pains  of  a  severe  character.     What  she  chiefly 


irrhagia  and  dysmenorrhcea  seemed  to  be  but  a 
and  indeed  the  symptoms  of  which  slie  complainetl  i 
^Tis  impossible  to  point  out  any  one  to  which  treata 
We  immediately  commenced  general  applications  o( 
rapidly  ioterrnpted  current.  She  was  so  susceptible! 
that  only  the  most  gentle  current  could  be  borne  ; 
ence  in  such  cases,  she  was,  at  the  completion  of  her 
to  endure  the  sensation  as  nt  the  beginning. 

The  applications  were  given  from  two  to  three  th 
about  I  wo  months. 

In  her  case  as  in  many  others,  the  first  siance  w 
vou!^ness  and  some  soreness,  but  as  she  was  instructed 
no  uneasiness. 

After  two  weeks  of  treatment  her  courses  came  i 
the  loss  of  blood  almost  as  great  as  ever.     Her  ol! 
siderably  ameliorated,  and  the  pain  from  the  neural] 
ing  the  succeeding  three  weeks  sije  appeared  a  diffa 

Her  appetite  was  exceedingly  keen,  her  sleep  n 
and  Mrength  to  exercise  daily  in  walking,  to  an  ext 
liau<.Jc<l  her.     Wc  looked  for  a  pleasant  result  as  tl 
nor  were  wedisappointetl.     The  flow  continued  but 
and  menorrhagia  were  so  trivial  as  hardly  to  de«rve 
pains  were  wanting.     Another  result  of  the  treatnn 
lapsed  uterus  to  its  normal  position.     This  conditio) 
relaxation  of  the  vaginal  walls  and  the  beneficial  n 
direct  tonic  effect  of  the  current  upon  those  walls, 
which  was  exerted  over  the  whole  system.     She  haf 

The  points  of  particular  interest  attenc 
as  follows : — 

1st.  It  was  absolutely  impossible  in  ma 
effectively  the  sponge  or  any  artificial  electi 
finest  and  mildest  current  she  would  shrink,] 
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As  is  generally  the  case,  we  expected  that  she  would  become  inured 
to  the  passage  of  the  electricity,  so  that  ihe  amount  could  be  increased, 
but  at  each  succeeding  sitting  she  seemed  to  feel  its  influence  as  much 
as  at  the  first.  But  even  this  patient  could  bear,  and  needed  n)ore  of 
the  electric  influence  along  the  spine  and  over  the  vital  organs,  than 
could  be  given  by  any  one  not  accustomed  to  the  direct  passage  of  the 
current  through  his  own  person. 

zd.  The  second  point  of  interest  consists  in  the  fact  that  she  had 
previously  been  treated  hy  localized  faradization,  and  with  some  benefit, 
although  not  suflicient  to  encourage  her  to  hope  for  a  complete  or  even 
an  approximate  cure.  We  made  use  oi  general  faradization  only,  and 
although  the  applications  were  directed  to  particular  parts,  longer  and 
harder  than  to  others,  yet  the  main  idea  was  to  bring  the  system  gen- 
erally under  the  influence  of  the  electric  current. 

Dysmencrrkaa  from  congestion  of  uterus  in  a  lady  of  t-wenty-tuto—Anamia — /w»- 
pravement  under  general  faradiuttion  and  localized  gatvaniuUion— Relapse. 

Case  CLXII. — Miss  M ,  a  young  lady  of  la,  was  sent  to  ui  in  August,  1867,  by 

Dr.  Morcau  Morris,  to  be  treated  for  a  dysnienorrhcca  of  an  unusually  distressing 
character.  She  was  of  a  frail  nervous  organization,  and  xvas  decidedly  anaimic.  Itt 
the  opinion  of  Dr.  Morris,  tbe  dysinenorrhtra  was  caused  by  conj^estion  of  ilie  womb, 
brought  on  by  repeated  colds  and  thills  during  the  menstrual  period,  years  before. 
From  her  girlhood  she  had  been  nn  invalid.  Her  appetite  was  exceedingly  deh'catc, 
and  there  was  great  imprcfeibiliiy  to  disease  in  all  her  mueuiis  membranes.  It  would 
indeed  be  difficult  to  conceive  of  a  more  dlsheaxtening  cose  of  dysmenorrboea,  for  any 
kind  of  treatment. 

Very  doubtful  encouragement  was  given.  General  faradization  and  localized 
galvanixation  (external)  were  chiefly  employed. 

It  was  not  long  before  she  began  to  improve  in  her  general  condition,  and  experi- 
enced a  greater  relief  from  her  severe  neuralgia  n.nd  dysiiienorrhoea  than  she  had  ever 
secured  from  internal  medication.  At  one  of  her  monthly  courses  she  was  almost 
entirely  free  from  pain ;  and  at  most  of  the  others  that  have  occurred  since  she  began 
treatment,  she  has  suffered  less  than  formerly.  She  is  now  far  from  being  strong,  but 
retains  In  a  measure  the  benefits  she  received. 


Neuralgic    dyintenorrhaa   and  menorrhagia — Constipation — Permanent  improve' 
ment  under  general  faradisation. 

Case  CLXIII. — Miss  D. ,  agedzt.came  to  this  city  from  .A.ubum,  tobetreatcd 

for  the  variety  of  dysmenorrhcea  termed  neuralgic  The  treatment  by  ordmary  in- 
ternal metlication  was  continued  some  two  months,  but,  as  the  neuralgic  pain  seemed 
to  be  but  little  relieved,  and  as  her  general  condition  did  nut  improve,  she  was  induced 
to  try  the  cflccta  of  general  faradization  before  returning  to  her  home.  She  com- 
menced to  menstruate  at  irregular  intervals  when  about  fifteen  years  of  age,  and  from 
the  first  had  suffered  more  or  Ics  at  each  mcnst  mat  period.    Her  general  health  begiui 


•esston  anrt  inclaiiclioly. 

In  addition  to  these  distressing  pains  she  suffered  fi 
what  little  strength  she  regained  after  her  sickneu  was 
return  of  the  catantcuia.  Her  bowels  bad  been  for  a  I 
ted,  and  unless  this  state  were  frequently  relieved  by  i 
considerable  vertigo  and  headache.  She  began  to  del 
Slie  received  tlie  first  application  of  general  electrizatic 
mild  and  fine  current  was  xise<i,  and  the  application 
the  spine  and  over  the  vital  organs. 

Although  she  was  submitted  to  the  faiflornce  of  the 
yet  during  the  application  she  showed  symptoms  of  fi 
day  she  suffered  from  considerable  soreness  and  nervou 
on  three  different  oc-casions  when  her  courses  appearct] 
and  attended  with  as  great  loss  of  blood  as  before.    Th 
■melioration  of  pain.     Before  the  cessation  "f  the  fl«»' 
and  continued  the  treatment  uninterruptedly  for  nearly 
application  everj-  other  day,  and  was  soon  able  to  licar 
The  improvement  in  her  condition  was  cxceetUiigly  ra] 
become  less  exacting,  and  con>tipate<l  boweU  nn>rc  tcguu 
tious  had  been  given  and  the  influence  of  clectri/Jition  beg 
peared  a  different  person  both  in  mind  and  bo<ly.      Whem 
she  suffered  but  little  ffiorc  pain  than  is  usual,  and  the 
quite  wanting. 

The  menorrhagia,  wliich  before  was  such  a  promi: 
was  now  so  slight  as  scarcely  to  deserve  the  name, 
more  applications,  when  she  returned  to  her  home, 
know  if  this  favorable  slate  of  things  continued,  and 
direct  information  that  since  she  discontinued  treat m 
any  prominent  distressing  symptom.  She  moreover  coi 
ral  condition,  until  slie  became  robust. 

That   the   pathological  state  on  which  the 
eases  depend,  have  not  been  sufficiently  consiti 
a  study  of   the  history  of  the  electro-therap 
need  of  accurate  diagnosis,  and  esj] 
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luch  can  be  done  for  congestion,  atrophy,  and  eogorgement  of  the 
oinb,  by  careful  localued  electrization. 

foftkt  uterus — Scanty  menstruation — Sterility — Inerenst  i  j»  tht  riu  t/  th* 

I  #r^d«  and  in   the  amount  of  the  menstrual  Jiow  under  internal  faraditatiom 
I  tnittnlral  galvaniiation  and  general  faradisation. 

^CasiCLXIV. — Mrs.  P.,  a  young  married  lady,  vras  referred  to  us,  January  17, 
(72,  by  Dr.  Fordyce  Barker,  for  the  symptom  of  stcrilUy,  According  to  Dr.  Barker's 
JlugiiQvjs  there  was  atrophy  of  the  uterus,  and  he  was  in  the  hope  that  electrization 
might,  by  improving  the  nutrition  of  the  uterus,  perhaps  remove  the  sterility.  It  was 
sippo«d  also  that  there  might  be  atrophy  of  all  the  generative  organs,  since  the  men- 
Vruation  was  defective,  though  regular,  and  the  patient  was  withal  quite  aiuemic.  Wc 
frtald  the  patient  for  six  weeks  by  internal  faradization  of  the  uterus,  with  our 
tntn-m<rine  electrode,  through  the  speculum  ;  external  faradiialion  over  the  back 
*»d the  region  of  the  ovaries;  general  faradization  and  central  galvanization  occa- 
•KnuUy.    The  patient  came  every  other  day.     Internally  she  took  iron  and  strych' 


I 
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it  the  first  menses  after  treatment  the  patient  remarked  an  increase  of  quantity, 

tl>e  courses  were  on  her  one  day  longer  than  usual     By  the  ist  of  March,  alter 

*«k5'  treatment.  Dr.  Barker  found  on  examination  that  the  uterus  had  increased 

l«>gth  one-quarter  of  an  inch.     The  patient  after  an  interval  was  again  treated, 

wt  «riii(out  any  local  improverueat. 

The  modification  of  nutrition  caused  by  electricity  may  have  two  op- 

Poste  effects ;  it  may  cause  increase  or  it  rnay  cause  diminution  in  the 

Sftof  a  part  or  organ.     Where  the  part  is  abnormally  large  it  causes 

U  to  grow  smaller  ;  where  it  is  abnormally  small  or  atrophied,  as  in  the 

aiove  case,  it  causes  it  to  grow  larger.     In  these  opposite  results  there 

**  ''othing  inconsistent ;  they  are  readily  explained  by  the  change  in 

""^Htion  caused  by  the  current. 

Congestions    Enlargemenls,    DispiacaneniSy    and    Atrophy    of   the 

*^^us, — Tripier,  lieauvain,  Seller,   Fano,   Beau,   and  ourselves   have 

^^cd  engorgements  and  flexions,  prolapsus  and  atrophy  of  the  utems, 

"y  electricity.      Both  the  galvanic  and  faradic  currents  are  employed. 

'Hie  occasional  results  obtained  in  prolapsus  uteri  are  to  be  explained 
?**■%  by  the  chemical  and  mechanical  entcts  of  the  current  on  the 
^^Hicture  of  the  uterus,  and  partly  by  its  tonic  effects  on  the  liga- 
"^cnis  and  vaginal  walls. 

Treatment. — In  the   treatment  of  the  various  displacements  of  the 
''tents,  the  application  must,  of  course,  be  varied  with  the  morbid  con- 
dition.    Special  rules  cannot  be  given  in  any  detail ;  each  case  must  be 
Wudied  by  itself. 
According  to  Tripier,*  chronic  metritis  2xyA  enlargement  of  the  uterus, 

•  Loc  dt.,  p.  38  et  seq. 
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b  best  trealed  by  applying  the  uterine  electrode  against  the  04, 
connecting  the  other  pole  (bifurcated)  with  an  insulated  rectal  elecl 
in  the  rectum  and  a  sponge  electrode  over  the  abdomen. 

Prolapsus  utrri  the  same  author  treats  by  applying  the  uterine* 
txode  against  the  os,  and  connecting  the  other  pole  (btfurcatoi) 
two  sponge  electrodes,  one  on  each  groin. 

For  anleversion  and  antefiexion  he  introduces  the  negative  pole 
the  rectum,  where  it  can  act  more  powerfully  on  the  posterior  pai^ 
the  uterus,  and  the  positive  in  the  vagina. 

For  retroversion  and  retrofiexion  he  applies  the  positive  pole  io 
bladder  or  over  the  abdomen,  while  the  negative   is  applied  to  tb© 
by  the  uterine  electrode,  an  air  pessary  having  first  been  put  into 
rectum  to  elevate  the  fundus. 

By   properly  insulating  the  electrode,  the  current — faradi 
vanic — can  be  localized  in  any  restricted  portion  of  the  uteri; 

The  treatment  may  be  regarded  as  an  important  adjuvant  ii 
bellious  cases  of  engorgement  and  atrophy  of  the  uterus  or  of  it* 
pendages,  and  of  uterine  dii.p!acement,  and  especially  of  those  thit 
associated  with  general  debility.  The  contracting  intluence  of  the  ( 
trical  currents  over  involuntary  muscle  is  a  strong  phystological  \ 
ment  in  favor  of  the  use  of  this  remedy  in  uterine  engorgenieot 
chapter  on  Involuntary  Muscles  in  Electro-Physiology). 

Tripier*  details  thirty  cases  of  various  phases  and  complicatioM 
uterine  disease  treated  by  localised  faradiiation. 

Of  antejfex'wn  and  antfiersion,  four  cases  recovered,  two  were 
proved  and  in  one  case  no  result  was  obtained. 

Of  retroversion  and  retroflexion^  one  case  recovered,  one  WM 
proved,  and  in  one  cise  there  was  no  result. 

Of  engorgement,  two  cases  recovered. 

Tripier  further  observed  very  marked  effects  0n  the  gfntrat  tjt 
and  severe  symptoms  of  hysteria,  neuralgia,  and  nerrousness 
greatly  ameliorated.     If  general  faradization  and  central  galvani 
had  been  employed,  these  constitutional  effects  would  have  been 
more  marked. 

Prolapsus  uteri — LnieorrhoM  and  mfHttrrJmgia — Lots  of  t»nt  in  vgim 
ReccT'ery  unJtr  faraJizaUon  c/  Hterus  and genfral farad t%^ 

Case  CLXV.  —  Miss  T.,  an  unnianricrl  lady,  aged  30,  apptic<l  for  tresis 
In^;  of  the  womb  of  tlie  second  degree,  from  whicii  she  hi?  suffered  for  tiewljrl 
Previous  to  the  first  symptoms  of  prola|»us  |>cnistent  leucorrboes  h«d  1 

•  Annates  de  1*  Eleclf o-Th^Srapie,  p.  2oi  ct  seq.      1865. 
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}  ior  some  time,  and  had  continued  up  to  the  day  she  came  to  us.  She  complained 
■Iso  of  some  menorrhagia.  These  conditions,  however,  were  evidently  associated  with 
tto  organic  uterine  di.ease  ;  but  her  general  health  was  quite  feeble.  If  it  were  a  caw 
for  cleclricily  ai  all,  it  was  plain  that  she  needed  its  tonic  influence.  Wc  commenced, 
therefore,  with  mild  general  applications,  increasing  the  strength  of  the  current  at 
each  visit  as  &he  wos  able  to  bear.  At  each  silting,  also,  the  electrode  was  applied 
for  a  few  minutes  against  the  oi  and  the  vagina.  The  beneficial  results  of  this  course 
of  treatment  were  soon  observable.  Her  appetite,  which  had  been  capricious,  became 
more  rational,  and  her  strength  increased  with  marked  rapidity.  The  vaginal  walla 
seemed  to  gain  tode  day  by  day,  until  after  the  sixth  application  the  uterus  was  re* 
stored  to  its  normal  position. 

Irritation  and  Congestion  of  the  Ovaries. — Irritation  antl  neuralgia 
of  the  ovaries  accompanying  hysteria  are  treated  electrically  with  advan- 
tage. Congestion  of  the  ovaries  is  also  similarly  treated  with  excel- 
lent restilt — at  least  for  tiie  relief  of  the  symptoms. 

Intra- Uterine  Galvanic  Pessaries. — The  attention  of  the  profession 
was  called  to  the  use  of  galvanic  intrauterine  pessaries  by  Sir  J.  Y. 
Simpson.  The  instrument  which  he  employed  was  composed  of  a  piece 
of  zinc  and  a  piece  of  copper  fastened  together  into  a  shape  and 
siie  suitable  for  entrance  into  the  utenne  cavity. 

As  thus   constrttcted    the    instrument    was    stiff  and 

unyielding,  and  was  not  adapted  for  the  various  states 

of  uterine  flexion.      This  form  of  pessary  Prof  T.  G. 

Thomas  *   has  greatly  modified  by  substituting  for  the 

single  pieces  alternate  beads  of  zinc  and  co|>pcr,  which 

are  arranged  on  flexible  wire  inserted  in  a  rubber  bulb    ,  ,     ,    '  . 

*  ,  .  .  Intra- Utermc 

(Fig,  127).  This  instrument  we  will  still  further  improve  Galvanic  Pcssa- 
by  insulating  the  wire  on  which  the  beads  of  zinc  and  *"?• 

copper  are  strung,  except  at  the  extremities,  where  it  makes  metallic 
connection  at  one  end  with  the  zinc,  and  at  the  other  with  the  copper 
bead,  thus  forming  a  miniature  voltaic  pile,  with  a  completed  circuit. 

When  this  contrivance  is  closely  embraced  by  the  lining  membrane 
of  the  uterus,  and  thoroughly  moistened  by  the  uterine  fluids,  a  feeble 
current  is  unquestionably  generated. 

^V!len,  therefore,  such  a  galvanic  pessary  is  in  situ  it  is  probable 
that  the  very  feeble  current,  as  it  passes  through  the  metallic  beads, 
may  traverse,  to  a  limited  extent,  the  folds  of  the  lining  membrane  of 
the  uterus,  which  presses  between  them. 

The  question  whether  the  very  slight  current  thus  produced,  com- 
bined with  the  necessary  mechanical  effect  of  the  metals  in  such  case 


\\ 


Fig.  1*7. 


*  A  Practical  Treatise  on  the  Diseases  of  Womeo.    Second  edition,  p.  50a 


CHAPTER  XXIX. 

DISEASES   OF   CHILDREN. 

The  diseases  of  children  in  which  electricity  has  been  found  of  ser- 
vice are  the  following : — 

Chorea,  Marasmus  and  General  Debility, 

Whooi)ing-Cough,  Incontinence  of  Urine, 

Cholera  Infantum,  Vomiting, 

Laryngismus  Stridulus,*  Infantile  Paralysis. 

Treatment. — Chorea  has  been  successfully  treated  by  a  variety  of 
methods  of  electrization — by  frictional  electricity,  peripheral  faradiza- 
tion,! and  galvanization  of  the  spine,J  and  in  our  hands  general  faradi- 
zation and  central  galvanization.  Successful  results  have  been  gained 
by  all  these  methods.  We  have  found  general  faradization  and  central 
galvanization  alone  so  successful  in  cases  of  general  chorea,  that  we 
have  but  rarely  had  occasion  to  experiment  with  other  methods. 

Our  success  with  general  faradization  in  chorea  is  probably  to  be 
accounted  for  partly  by  the  muscular  exercise  that  is  derived  from  this 
method  of  treatment,  as  well  as  by  the  tonic  action  of  the  current  on 
the  nervous  system.  Choreic  patients  do  not  usually  bear  strong  cen- 
tral galvanization  or  protracted  sittings ;  the  milder  influence  of  the 
faradic  current  is  preferable  to  the  galvanic,  unless  the  latter  is  used 
with  considerable  caution.  *  Benedikt  claims  to  have  been  uniformly 
successful  in  more  than  twenty  cases  of  chorea  by  galvanization  of  the 
spine.  He  used,  however,  but  a  small  number  of  elements,  and  the 
length  of  the  sittings  was  not  more  than  one  and  a  half  minutes.  Other 
observers  have  not  been  so  successful  with  this  method.  Meyer  reports 
unsatisfactory  results  with  galvanization  of  the  spine  in  two  or  three 
cases.  §  It  is  probable  that  the  success  of  Benedikt  with  galvanization 
of  the  spine  was  due  to  the  very  great  caution  which  he  exercised  in 
regard  to  the  strength  of  the  current  and  the  length  of  the  sittings,  as 

•  This  affection  is  considered  under  Diseases  of  the  Larynx, 
f  Duchenne  and  Becquerel.  \  Benedikt.  §  Op.  cit.,  p.  364. 
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The  trcalraent  was  varied.  Fowler's  solution  and  certain  other  remedies,  which  we 
do  not  now  recall,  liad  been  faithfully  tried,  but  without  benefit.  We  began  with 
mild  genera!  faradization,  but,  as  the  results  did  not  accord  with  our  expectations,  we 
abandoned  it  and  essayed  very  gentle  central  jjalvanlzation. 

During  iJie  first  week  of  tliis  treatment  no  appreciable  benefit  seemed  to  be  derlx-ed, 
except  an  improvccnent  in  sleep. 

Soon  after  this,  however,  the  effect  observed  was  decided.  Ilis  a]^pctile  became 
better,  resulting  naturally  in  increajied  weight ;  co-ordination  of  movement  rapidly 
became  possible,  the  utterance  di*itinct,  and  in  a  few  weeks  recovery  was  complete. 

Treatment  was  discontinued  in  February,  1 87 1,  and  to  this  dale  there  ha's  been  no 
evidence  of  a  return  of  the  disease. 

Ch0rea  of  ten  months'  standings  of  the  teft  side  and  right  arm,  in  a  girloftlev<n — 
Rtcovtry  iu  t<n  weeks  under  central  galvan nation. 

Case  CLXVII.— M.  R.,  a  little  girl,  aged  eleven,  was  directed  to  us  by  Dr.  H.  H, 
Gregory,  of  Harlem.  Some  ten  months  before,  the  mother  first  observed  slight  con- 
vulsive twiichings  of  the  left  hand,  which  gradually  increased  in  severity  unlit  tn  a  few 
weck»  the  mcml-jcr  was  quite  useless.  In  two  or  three  months  the  k-ft  leg  became 
choreic,  and  soon  after  the  disorder  extende*!  to  the  ri^ht  arm.  Il  was  one  of  those 
cases  which  obstinately  resist  onlinary  internal  medication,  and  was  hence  considered 
a  fair  op).K)rtonity  to  test  the  virtues  of  central  galvanization.  The  treatment  was 
given  every  other  day,  but  for  three  weeks  no  apparent  impression  was  made  upon 
the  disease. 

During  the  fourth  week  the  symptoms  somewhat  abated,  and  from  this  time  forth 
the  improvement  was  uninterrupted,  until,  in  ten  weeks  from  the  beginning  of  the 
trentmrnt,  recovery  was  perfect. 

Choreic  diiturhance  of  the  head  of  five  months'  duration — Recn'ery  under  less  than 
ttvthe  afipUeatiom  of  general  faradization. 
Case  CI-XVIII. — Minnie  V.,  aged  S  years,  had  been  affcctcfl  for  five  months  with 
jevere  and  almost  constant  nervous  I  witchiiigs  of  the  head .  They  were  evidently  choreic 
In  character,  occurred  without  the  consciousness  of  the  child,  and  during  sleep  were  en- 
tirely wanting.  The  patient  was  somewhat  depressed  in  health  and  decidedly  anaemic, 
and  we  therefore  submitted  her  to  general  faradization.  Under  the  influence  of  less 
than  a  dozen  applications  she  gainetl  in  appetite  and  strength.  The  choreic  disturb* 
Jincc  becanie  decidedly  less  marked,  and  after  the  cessation  of  the  treatment,  for  the 
purpose  of  allowing  the  secondary  effects  to  be  manifested,  it  was  not  more  than  ten 
d*ys  before  recovery  was  complete. 

Chorea  of  a  year's  duration — Impnrvement  during  treatment,  and  rapid  recovery 

after  its  cessation. 
Case  CLXIX. — A  little  boy  of  a  delicate  organization  was  sent  to  us  by  Dr.  Geo. 
Peters.  The  child  had  been  affected  with  general  choreic  movements  of  a  decided 
thuagh  not  wvcre  character  for  a  little  more  than  a  year  The  mechanical  effects  of 
the  faratlic  current  seeming  to  disagree  with  the  patient,  we  submittcJ  biin  to  mild 
fiances  of  central  galvanization.  Some  fifteen  applications  were  administered  during 
the  month  which  resultetl  in  some  improvement.  At  this  stage  the  treatment  was 
necessarily  interrupted,  but  the  improvement  continued,  and  in  a  few  weeks  the 
recovery  was  quite  complete. 
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In  not  a  (evf  cases  of  chorea  the  beneficial  effects  of  electrical  1 
njcnt  became  manifest — as  in  the  above — after  cessation  of  the  ipp 
lions. 

Seoert  chorea  in  a  girl  teven  yMn  of  age^Less  than  usual  seuiUiveuat  sntkti 
— Kecmery  under  ten  gtneral  faradis.athns. 

Case  CLXX.— L.  J.,  a  girl  seven  years  of  age,  was  broagtit  for  trtfttmeat  \tf\ 
era]  electrization  in  Septemlicr,  1S6S.  She  was  pale  ami  slender,  bat  Quite  Ulli 
her  aye.  For  eighteen  months  her  growth  had  been  remorLalily  tapki,  I 
to  this  fact  the  mother  was  inclined  to  annbute  the  disea-t  The  pu«nls  I 
noticed  some  twitching  of  the  left  hand  in  the  fall  of  tS66.  but  did  not  at  ibf  I 
give  U  particular  attention.  The  choreic  symptoms  rapidly  incrcftsed  to  nch  ai 
tent,  however,  that  they  l>ecamc  alarmed,  and  applied  fur  merlical  trcstmeat. 
in  spite  of  perii^tent  internal  medication,  the  want  of  power  to  co-onlinale  her  I 
ments  grew  more  marked,  and  the  symptoms  extended  to  her  limbi  and 
speech,  At  the  time  that  the  patient  came  under  our  notice  the  choreic 
were  quite  violent.  The  left  side  was  considerably  more  afTected  than  the  riglit,^ 
her  articulation  was  so  indistinct  that  it  wii«  impossible  for  a  stranger  to 
what  she  said.  We  found  no  difficulty  in  inducing  the  child  lo  submit  to  fbe  ( 
ment,  bat  the  involuntary  a^'iiation  of  the  leg*  was  so  great  that  it  v-ms  foood  I 
sary  to  hold  the  feet  upon  the  plate  to  which  the  negative  pole  was  attached 

The  current   was  very  sensitively  felt  over  the   stomach,  but  a«»t  ovo'  aof  < 
portion  of  the  IxkIv.     It  may  be  remarked,  however,  that   over  the  head  codd  I 
borne  without  discomfort  a  current  much  mure  inteiitse  than  is  the  case  m  ibei 
condition. 

The  first  and  second  applications  resulted  in  no  appreciable  chan^  in  beri 
toms;  but  at  the  fourth  visit,  about  ten  days  after   the  fir^t,  a  |i*re«Ttiihl« fc 
ment  was  noticed.      As  is   usually  the  case   when   a    favoralile   result  follom  I 
method  of  treatment,  the  diminution  of  the  choreic  movemenl  was^r/f  m^mfMi^, 
the  leaver  limbs.     The  progiess  towards  recovery  was  very  rapid. 

At  the  fifth  visit  she  could  retain  her  feet  upon  the  plate  by  her  own  itnajdd « 
wlulc  the  application  wos  being  made.     This  improvement  had  also  extended  *»  ' 
arms  at>d  face,  and  the  tenth  application,  administered  about  a  month  after  tbefr* 
dissipated  every  choreic  symptom.     There  was  one  peculiar  and  well-markd  fnui^j 
which  we  observed  in  Ibis  as  well  as  in  several  other  cases^     We  refer  tn  tl**  ' 
tensity  of  the  current  used  when  iipplications  were  made  to  the  head,     .\t  the  J 
ftdvancetl  toward  recovery,  such  applications  became  more  and  mwe  j3*infut,  *  ' 
U  was  neceswiry  to  gradually  decrease  their  power. 

Chorea  of  face  and  arms  in  a  lad  htteht  years  of  <igt^  dfpemdtnt  tn  wtrOli  ^ 
tnees — fieciK'fry  under  locaJited faradi»ati*m» 
Case  CLXXI.— In  DeceinUr,  1866,  a  lady  brought  to  usftUltIc  bor,  ifd  MT 
to  be  treated  for  symptoms  that  Mcre  somewhat  anomalous,  yet  not  of  a« 
suflltcienlly  maiketl  to  enable  us  to  say  positively  that  St.  Vilus's  dance  ] 
Wliile  in  perfect  repose,  and  even  when  engaged  in   play,  study,  or  < 
there  wa>!  nothing  t^  excite  or  alarm,  he  exhil»ite<l  nothing  unuvual  in  Kui 
Xf»  however,  he  failed  in  his  recitations  wu  scolded  by  his  parcnta,  or  if  bet 
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cxcitei)  in  hh  play,  or  was  abashed  by  the  notice  of  a  stranger,  some  peculiar  »jTnp- 
toms  ficoann;  immc<!i.ilcly  manifest.  The  muscles  of  the  face  became  convuUed,  and 
at  limes  the  twitching  was  quite  violent,  so  that  his  appearance  was  grotesque  in  the 
extreme.  Rapid  contractions  of  the  muscles  of  tlie  arm  also  occurrcti.  These  were 
most  noticeable  in  the  biceps  and  flexors  of  the  hands  and  fingers. 

The  child  was  to  alt  appearance  perfectly  healthy,  and  was  of  a  lively  and  genial 
dispoMtion. 

TWs  disorder  of  the  nervous  function  had  existed  some  four  or  five  months,  so  that 
considerable  uneasiness  was  ejccited  in  the  minds  of  the  friends  of  the  patient.  As  he 
lived  a  considerable  distance  from  the  city,  applications  were  given  only  occasionally, 
as  hiii  atlendant  f(mn<l  it  convenient  lo  bring  him.  During  the  course  of  a  month  the 
boy  visited  us  some  five  or  six  times,  and  as  he  was  suffering  from  no  debility,  we 
judged  it  to  be  sufficient  to  make  the  applications  only  to  the  parts  affected,  and  not 
to  extend  them  over  the  whole  surface  of  the  body.  The  result  of  this  irregular 
treatment  wxs  succcvful,  since  all  the  abnormal  raovemeiits  to  which  lie  had  l}ecn  so 
readily  liable  on  exposure  to  any  excitement  became  less  and  less  marked.  At  the 
end  of  the  month  he  left  us  cured. 


Ah  aggravated  ease  of  chorea  resists  the  action  of  the  gahanie,  but  yields  to  general 
eltcfriuiiion  7vith  the  faradie  current-^Reiapses^  and  again  recovers  under  the 
same  treatment. 

Case  CLXXII. — A  little  patient,  aged  10  year*,  under  the  professional  care  of  Dr. 
J,  O.  Farrington,  presentetl  the  severest  symptoms  of  chorea. 

Prof.  George  T.  Elliott  was  called  in  con*.uUation  May  iS,  x86S,  and  by  these  gen* 
tlemen  electrical  treatment  was  advised. 

Some  two  months  previous  lo  the  consultation  certain  abnormal  movements — snch 
OS  starting  suchlenly  to  his  feet,  throwing  out  a  hand  or  a  foot,  etc. — were  observed 
by  the  teacher  of  the  boy.  Two  weeks  subsequently,  the  patient  was  seized  with  well- 
marked  choreic  symptoms  of  the  right  siile  of  the  bo-iy,  and  in  two  days  the  disturb- 
ance extended  to  the  opposite  side.  So  consLint  and  violent  were  the  movements  of 
his  arms  and  leg^  that  it  was  impossible  to  keep  him  on  -i  bed  or  sofa.  It  was  neces- 
sary to  place  him  ou  the  carpet,  surrounded  by  inflated  rubber  Ijogs.  Intelligence 
seemed  to  l>c  perfect,  but  the  power  of  s|jeech  was  lost  and  the  sufferer  made  known 
his  wants  by  impatient  cries  and  ill-directed  motions. 

Sleep  ivas  impossible  without  the  nightly  administration  of  an  opiate.  Contrary  to 
our  judgment,  but  by  suggestion,  we  commenced  treatment  by  the  use  of  a  mild  gal- 
vanic current  directed  especially  to  the  base  of  the  brain  and  the  spinal  tract ;  but 
this  method  served  only  lo  aggravate  the  child's  condition.  We  then  resorted  to  the 
faradie  current  by  the  method  of  general  electrization,  but  so  violent  were  ihe  invol- 
untary movements  in  the  limbs  and  body  of  t'lc  patient,  ihat  it  was  with  difhculty 
that  he  could  be  held  in  a  sitting  posture  and  his  feet  kept  on  the  copper  plate  lo 
Vfhich  the  negative  pole  was  attached.  The  applications  were  general — every  por- 
tion of  the  body,  from  the  head  to  the  feet,  being  influenced  on  each  occasion. 

Improvement  was  manifest  fron>  the  very  first.  He  was  at  once  enabled  lo  sleep 
soundly,  although  his  opiate  was  re<luccd  one-third,  and  after  the  fourth  appUration 
it  was  dispensed  with  altogether.  In  the  course  of  three  weeks,  during  which  time 
fifteen  applications  were  given,  the  case  was  so  far  improved  that  the  patient  was  able 
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to  utter  distinctly  words  and  sentences.  The  choreic  symptoms  were  so  moA  i 
ishcd  that  the  boy  could  readily  sit  quiet  and  alone,  and  during  an  ajifltcttiott^ 
a1)le  to  commaiul  the  movements  uf  his  body  and  feet.  Improvement  coniimudi 
ing  the  administration  of  a  few  more  apphcatioa.s  when  the  child  was  tai-xn  to  I 
sea-shore,  where  in  two  weeks  he  quite  recovered.  After  having  cnjoyc»l  exn 
health  for  a  year  and  a  half,  the  boy  suffered  from  a  second  attack.  He  wi*  i 
diately  subjected  to  the  influence  of  electrization,  and  recovered  even  more  rs^ 
than  before. 

Marasmtis  and  General  Debility.  —In  the  treatment  of  niarasmas  J 
general  debility  of  children,  Dr.  B.-ard  has  recently  made  a  scrir*^ 
experiments  at  the  Sheltering  Arms  Institution  in  Brooklyn,  which! 
under  the  medical  charge  of  Drs.  Jerome  \Valker  and  Frank  Rocki 
In  addition  to  this  hosintal  experience,  Dr.  Rockwell  has,  in  pnv; 
practice  more  especially,  had  very  many  opportunities  of  testing  i 
efficacy  of  the  various  forms  of  electricity  in  the  diseases  under  congl 
eration.     In  these  investigations  a  number  of  marasmic  cases  ard< 
cases  of  debility  of  various  kinds,  some  of  a  most  serious  character,  i 
treated  by  general  faradization,  antl  with  most  pleasing  result*, 
remarkable  improvement  in  nutrition  that   the  young  of  animals 
derive  from  general  faradization  has  already  been  described  (see  chijil 
on  Nutrition,  in  Electro-Physiology). 

Two  important  facts  were  brought  out  and  confirmed  in  these  ( 
iments  : — 

X.  That  very  young  children — under  one  year — could  bear  as  1 
doses  of  general  faradization  as  adults. 

2.  That  the  recognized  tonic  effects  of  general  faradization— improf( 
raent  in  sleep,  appetite,  and  in  raj)idity  and  vigor  of  growth — areil'l'" 
ciated  by  infants  even  more  rapidly  than  by  adults. 

Cases  that  were  fast  failing  were  restored,  and  in  oneorlwo  in 
life  was  apparently  saved  by  the  treatment. 

Marasmus  in  a  child  aged  four — Rectrvery  under  genernt  faraJixalion  afUrp 
of  the  accepted  methods  of  treatment. 

CaseCLXXIII.— F.  C,  a  little  boy  aged  4,  had  been  prostrated  for  some  tiffl*" 
dlanboe.Al  s>mptoms  with  fever.    The««  symptoms  became  mmJificd  utuler  t« 
but  the  chitil  conlinued  excessively  weak,  with  no  appetite,  wllh  p;ir»jty«mi of  ' 
islme<»,  sleeplessness,  profuse  nighl-swcals,  ^J!\il  pringressit'e  enutciation.    No  I** 
medication  ^eemct^  of  much  service  ;  and  as  the  condit  ion  of  tl>e  |MUient  bill  • 
a  chronic  character  and  clearly  |>ointed  to  disease  of  the  mesenteric  (IaimU,  riK"< 
was  advisetl  by  both  Drs.  H.  H.  Gregory,  the  attending,  and  the  late  Cieo.  T- 
the  consulting  physician. 

We  submitted  the  little  patient  to  general  faradisation  carefully  hot 
applied.     In  one  respect  its  effects  were  immediately  and  decidedly  • 
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The  deep  was  bettered  and  the  profuse  perspiration  very  markedly  checked.     For 
'  lix  weeks  this  treatment  was  repeated  every  night,  and  while  there  was  no  rapid  prog- 
ress towards  health,  yet  from  the  beginning  of  treatment  the  improvement  was  gradaal 
and  uninterrupted  until  the  recovery  was  complete. 

IVhooping-Cough.—ln  the  institution  mentioned  on  the  preceding 
page,  and  in  private  practice,  sixteen  cases  of  whooping-cough  in  various 
stages  of  the  disease  have  been  treated,  luaiijly  by  central  galvanization. 
The  result  was  improvement  in  every  case.  The  paroxysms  were 
diminished  in  frequency  and  violence,  and  in  some  instances  the 
length  of  the  distressing  stage  of  the  disease  was  shortened. 

In  cases  complicated  with  debility  there  was  improvement  in  general 
nutrition.  In  one  case  where  great  debility,  resulting  from  congenital 
syphilis  existed,  the  improvement  in  general  nutriiion  was  most  striking ; 
I  and  in  that  case  general  faradization  was  mainly  used.  In  most  of  the 
'  cases  treated,  the  usual  medication  in  wide  variety,  including  quinine, 
had  been  tried.  All  medication  was  stopped  shortly  after  the  electri- 
cal treatment  was  adopted. 

Incontinence  of  Urine. — This  very  distressing  infirmity  will  sometimes 
yield  to  local  or  central  galvanization,  but  the  uniform  results  that  are 
obtained  by  these  methods  of  treatment  are  not  always  peruuneiit. 

In  conjuction,  however,  with  other  tonic  remedies,  it  is  undoubtedly 
a  valuable  aid  in  the  treatment  of  this  disease. 

In  cases  where  there  is  an  almost  absolute  want  of  control  over  the 
bladder,  the  local  application  of  the  faradic  current  is  strongly  indicated, 
and  will  frequently  alleviate  the  symptoms. 

The  following  case  is  illustrative  of  the  good  effects  that  may  occa- 
sionally follow  the  use  of  electricity : 

B  Jneontinence  of  urim  rince  hirth  in  a  tkild  aged  tix — Recovery  in  six  months  uttder 
H  Ixal  faradttaiion. 

H       Cask  CLXXIV. — Willie ,  a  little  boy,  aged  six,  had  been  annoyed,  more  or 

^ua%  by  this  want  of  control  over  the  bUacldcr  since  his  birth.     He  invariably  wet  his 
^Vbedat  night,  and  it  was  not  unusual  For  him  to  meet  with  accidents  by  day.     He  wasa 
II      fine  healthy  boy,  and  therefore  he  was  iubmilted  to  simple  localized  fara«Jization. 
The  treatment  was  not  kept  up  very  regularly,  but  once  or  twice  a  week,  as  he  hap- 
pened to  visit  the  office.     In  about  a  month,  his  mother  observed  a  very  decided  im- 
provetneut.     The  improvement  slowly  continued,  and  in  the  course  of  six  months  the 

I  patient  seemed  to  have  gained  ordinary  control  over  this  ftmctioo. 
Vomiting  and  Cholera  Infantum. — Both  vomiting  in   children  and 
cholera  infantum  are  treated  with  advantage  by  bromide  of  potassium 
and  by  the  tonic  influence  of  sea,  mountain,  and  country  air.     It  would 
f  therefore  be  just  to  suppose  that  tliese  affections  might  be  successfully 
3i^ 


piegiii  la  auuits,  iz  aepeaus  on 

inal  cord  and  its  membranes.     There 
gical  lesion  that  is  pathognomonic  of  this  i 

The  symptoms  of  the  disease  are  paralys 
iro-muscular  contractility^  some  an<zsthtsia^ 
aturCy  and  muscular  atrophy. 

In  some  cases  the  muscular  atrophy  is  i 
eration. 

Duchenne,  with  the  aid  of  the  microsco]; 
dition  of  the  muscles  in  muscular  atrophy. 


^  .TItMAMt  »  OC> 


Fig.  128 — Dachetme's 


OT€lUf 
FlO.  139 — Noeggcralh'^ 

is  necessary.  Duchenne's  trocar,  Fig.  1 28,  ] 
open.  When  in  situ,  a  piece  of  sharp  steelj 
button,  against  the  barb  of  the  trocar, 
caught,  which,  on  the  withdrawal  of  the  troc 
Microscopic  Examination  of  Muscles.-^ 
Fig.  1 29,  is  introduced  as  a  simple  trocar,  an 
toined  in  it,  being  pushed  forward,  causes 
extremity  to  emerge  a  little  separated, 
ngs  come  together,  bringing 
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tactile  sensibility  is  in  some  cases  much  diminished }  in  other 
9  it  docs  not  appear  to  be  affected. 

slight  degree  of  anaesthesia  cannot  be  ascertained  in  very  young 
Mts.  An  important  feature  of  infantile  paralysis  is  that  the  muscles 
bit  contractility  under  galvanization  when  they  are  not  at  all  affected 
iradization.  In  this  disease  especially  both  currents  are  necessary 
e  diagnosis  as  well  as  in  the  treatment,  and  careful  regard  must  be 
I  to  the  ♦*  motor  points." 

making  an  examination  of  the  condition  of  the  muscles  of  infants 
mid  be  remembered  that,  on  account  of  their  flabby  character  and 
datively  large  proportion  of  adipose  tissue  by  which  they  are  sur- 
3ed,  they  do  not  respond  as  readily  nor  as  perceptibly  to  electriza- 
is  the  muscles  of  adults. 

tatment. — Galvanization  of  the  affected  limbs  is  the  method  of 
rixalion  that  is  principally  indicated  in  infantile  paralysis.     In  those 

that  fail  to  respond  to  the  faradic  current,  the  galvanic  is  indis- 
ible.  When  the  muscles  have  regained  their  contractility  under 
u-adic  current,  faradization  may  be  used  either  alone  or  alternately 
galvanization. 

lildrcn  will  bear  as  powerful  currents  and  as  protracted  localized 
cations,  without  apparent  injury,  as  adults  (see  p.  608).  No  stronger 
nts  should  be  u.sed,  however,  than  are  just  sufficient  to  produce 
nuscular  contractions.  The  most  fnquent  mistake  is  to  oz>erdo  the 
nent — to  use  too  strong  currents,  and  too  long  applications,  and  thus 
en  rather  than  strengthen  the  muscles. 

tlvanization  of  the  spine  is  also  indicated,  and  in  connection  with 
eripheral  treatment  should  not  be  neglected. 

infantile  paralysis  the  general  health  is  not  necessarily  impaired, 
e  cases  that  are  accompanied  with  general  weakness  should  be 
id  by  general  as  well  as  localized  faradization  and  central  galvani- 
1.     Treatment  by  electrization  is  greatly  aided  by  passive  move- 
s  systematically  and  skilfully  used,  shampooing,  frictions,  and  the 
ration  of  dry  heat  and  hot  water  to  the  affected  limbs.     (See  re 
%  on  Accessory  Treatment  under  Hemiplegia.) 
^gnosis. — The  prognosis  must  depend  on  the  cause,  the  probable 
e  of  the  lesion,  the  length  of  time  that  the  disease  has  existed,  and 
jndition  of  the  muscles,  especially  as  ascertained  by  electric  and 
iscopic  examination.     If  fatty  degeneration  is  much  advanced  the 
losis  is  less  favorable  than  when  no  degeneration  exists. 
Bes  of  a  reflex  or  functional  character  may  recover  speedily  with- 
pecial  treatment.     Cases  of  organic  character,  which  constitute 
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she  bad  suffered  from  a  dtarrhoea,  which  had  considerably  reduced  hct  in  strength 
land  flesh,  and  just  a  week  before  the  leg  became  paralysed  she  ex*  erienced  a  severe  at- 
tack of  cholera  infantum.  The  mother  of  the  cliild  first  observed  some  lameness  of  the 
right  leg,  that  followed  shortly  after  a  fall  from  a  chatr.  In  two  days  the  leg  was 
ivitbout  the  slightest  power  of  motion.  The  limb  was  cold.  The  improvement  follow- 
ing electri2ation  was  in  this  instance  unusually  rapid  Two  applications  with  the 
{aradic  current  resulted  in  some  progress;  but  after  the  third  visit,  when  the  galvanic 
ctUTcnl  was  used,  the  improvement  was  very  marked  The  muscles  below  the  knee 
contracted  vigorously  for  the  first  time  under  its  influence,  and  in  the  course  of  three 
weeks,  under  the  alternating  use  of  the  two  currents,  a  perfect  cure  was  effected. 

Barafyjis  of  right  teg  in  a  child  eight  years  of  age^  from  scarlet  fever — Atrophy- 
Approximate  recovery  under  faradization. 

Case  CLXXVIIT— E.  A.,  aged  eight  years,  lost  the  use  of  the  right  leg  and  foot 
during  illnes  from  scarlet  fever. 

For  about  a  week  the  paralysis  was  complete,  but  as  the  fever  abated  he  seemed 
to  r^ain  some  power  over  the  affected  limb,  and  when  convalewent  he  was  able  to 
move  it  quite  freely.  After  some  weeks,  when  he  had  gained  a  good  degree  of 
ttrength,  the  little  patient  found  it  po!>&ible  to  ino've  slowly  about  by  the  aid  of  i, 
cratch. 

His  limb  ceased  to  progress  now  that  he  had  entirely  recovered  from  sickness,  and 
vhen  his  parents  applied  to  us,  a  year  subsequently,  the  boy  still  continued  unable  to 
move  about  without  artihcial  support. 

He  was  unable  to  Hex  the  right  foot  or  raise  the  timb  from  the  floor  without  flex- 
ing the  leg. 

The  muscles  of  the  thigh  and  leg  had  atrophied  to  a  conidderable  extent.  By 
Bteasurement  the  calf  of  the  paralyzed  limb  was  found  to  have  decreased  in  size  one 
toch. 

The  parts  were  cold  and  flaccid,  and  Jt  was  almost  impossible  to  distinguish  the 
poUatioQSof  the  posterior  tibial  artery,  which  in  the  healthy  limb  were  full  and  strong. 

As  the  general  health  was  good,  we  made  the  application  of  the  faradic  current  to 
the  paralyzed  muscles  only.  Their  electro-muscular  contractility  was  very  much  im- 
paired, and  the  current  was  much  less  acutely  felt  than  on  the  corresponding  portion 
of  the  sound  limb.  Applications  were  administered  twice  a  week  for  one  month, 
resulting  in  a  complete  restoration  of  the  electro-muscular  contractility,  and  a  very 
decided  increase  in  bis  sensitiveness  to  tactile  impressions  and  in  the  warmth  of  his 
nniD. 

At  the  end  of  another  month  of  treatment  the  leg  had  increased  in  circumference 
goe-half  an  inch,  and  the  patient  was  able  to  walk  with  comparative  ease  without  the 
■id  of  any  artifit.ial  support. 

A  east  of  paralysis  vith  atrophy  of  one  arm  and  leg  in  a  boy  aged  sixteen,  exist' 
ingfrom  childhood—Local faradiiation  somewhat  improves  nutrition  and  increases 
tht  strength  and  hulk  of  the  limbs. 

Case  CLX XIX.— Master C.  E.  P.,  aged  ij,  was  sent  to  us  by  Dr.  Lewk  A.  Sayre, 
for  the  relief  of  an  aggravated  case  of  deformity.  At  the  age  of  eighteen  months  the 
patient  suffered  from  convulsions  which  left  hira  paralysed  in  all  his  limbs.  He  gradu- 
ally r^ained  the  strength  of  all  his  muscles  excepting  those  of  the  right  arm  and  left 
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1^  These  icmtined  penBanaitfy  atrapUad, 
VAtioB  the  liinHi  icieiioil  to  were  ntterlj  nd 
hedth  were  mimpdred. 

The  effects  of  dectifaatioa  were  notkeable 
and  inaeased  devdopoent  The  nsolt^  sac 
The  treetment  was  sMMtljr  oonfiaed  to  locsl  fii 
negunj  the  liiiiDa  were  aomatelj  nieasnrecL 
After  three  months  of  treatment,  a  seoond  ] 
in  the  arm,  the  drcomferenoe  at  the  biceps 
lowthedbow,  firom8to8i;at  the  wrist,  5 
b  the  resolt :  Five  indies  bdow  the  knee^  tb 
■Ctfaead4fimniotoio|itdie&  Thekggs 
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The  medical  diseases  of  the  male  genital  organs,  for  which  electri- 
city is  chiefly  indicated,  are  sp£rmatorrh<za^  seminal  emissiong^  impih- 
t€nc(^  incontinence  of  urine,  and  paralysis  of  the  bladder. 

As  it  has  been  doubted  whether  the  resources  of  the  electro- 
therapeutics are  capable  of  affording  any  decided  and  lasting  benefit  in 
these  diseases,  we  here  record  not  only  as  the  result  of  our  own  ex- 
perience, but  from  a  knowledge  of  the  experience  of  others,  that  no 
case  in  which  there  have  been  reasonable  grounds  for  hope  can  b« 
said  to  have  been  fairly  treated,  until  the  proper  application  of  elec> 
tricity  has  been  attempted. 

It  should  be  remarked  that  of  spermatorrhcea,  seminal  emissions,  and 
impotence,  the  latter^  talcing  the  cases  as  we  find  them,  yields  tlie  most 
uniformly  and  readily  to  electrical  treatment.  These  three  conditions 
are,  however,  very  frequently  associated,  and  the  symptoms  of  each 
may  be  so  intenningled  as  to  render  it  difficult  to  decide  which  presents 
the  most  prominent  indications. 

Spermatorrhoea, — ^There  can  be  no  question  that  true  spermatorrhoea 
is  much  less  frequent  than  is  generally  believed.  It  consists  of  an  in- 
voluntary discharge  of  semen  without  erection,  and  as  there  are  several 
secretory  glands  besides  the  testicles,  the  secretion  from  which  lubri- 
cates the  urethral  canal,  and  may  even  appear  externaily  in  a  healthy 
condition  of  the  parts,  the  activity  of  charlatans  has  had  a  fair  fteld  in 
which  to  excite  alarm  among  the  credulous. 

Seminal  emissions  consists  in  an  involuntary  discharge  of  seminal 
fluid  with  erection,  and  demands  treatment  only  when  it  becomes  ex- 
cessive, and  is  associated  with,  is  dependent  on,  or  is  the  cause  of 
constitutional  disturbance. 

Treatment. — In  regard  to  the  treatment  of  spermatorrhoea  and  seraj- 
.  nal  emissions,  it  is  hardly  necessary  to  say  that  no   one   method  of 
electrization  will  answer  in  all  cases.     The  applications  may  be  local- 
ized externally  or  internally,  and  in  addition  we  frequently  use  with 
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advantage  general  faradization  and  central  galvanization.     There  is  i 
raethod  of  procedure  concerning  the  ill  effects  of  which  we  have  j 
tive  convictions.     We  refer  to  strong  galvanization  of  the  ejacj 
ducts,  or  the  parts  in  their  immediate  vicinity,  by  means  of  the  ins 
catheter  electrode. 

It  is  true  that  if  employed  with  great  caution,  and  witli  a  curreot^ 
very  feeble    power,  no  harm   may  result.      Currents  of  constdeno 
electrolytic  power  even  may  frequently  be  borne  without  any  after  iD 
effects ;  but  it  is  equally  true  that  these  same  applications,  whctl 
weak  or  strong,  have  in  numbers  of  instances  been  followed  by  1 
found  and  lasting  irritation. 

Deaths  have  been  known  to  result  from  the  effects  of  the; 
caustiqu^.  From  the  history  of  one  of  our  cases,  it  seemed  sufficicnllf 
clear  that  this  treatment  had  laid  the  foundation  of  an  obstinaie 
stricture  and  in  another  case  of  complete  destruction  of  the  viiiic 
power,  it  was  evident  that  the  symptoms  were  in  a  measure  clue  to  J 
most  severe  and  ill-advised  cauterization  of  the  ejaculatory  ducts. 

Electrolytic  action  is  of  course  more  completely  under  control, ; 
although  its   action    is  different    from   that   of  the    caustic,  it  is)* 
occasionally  followed  by  substantially  the  same  results,  and  we 
late  to  make  use  of  it  in   the  irritable  conditions  that  we  are  coa*| 
sidering. 

In  lieu  of  this  procedure,  however,  and  in  addition  to  the  extcnal^ 
methods  of  treatment,  we  are  highly  in  favor  of  the  direct  ap|)licatioo 
of  the  faradic  current  to  the  urethra,  and  on  the  same  principles,  iod  10 
meet  the  same  indications,  that  the  occasional  introduction  of  theo^K 
nary  catheter  is  attempted.     Mechanical  pressure  alone  tends  to  unk 
th^  congested  capillaries,  and  to  very  decidedly  lessen  the  scDsibilJJ)' «  j 
tht  urethral  nerves,  and  when  combined  with  the  vibratory  actiOD  d 
tht  faradic  current,  we  are  convinced  that  its  good  effects  are  markftJ-  , 
ly  increased. 

impotenct, — The  mildest  and  most  frequent  form  of  impotence nrtW*  I 
fest<i  itself  by  a  premature  ejaculation  of  semen,  with  no  special  dimUW*^! 
tion  of  sexual  desire,  but  with  some  impairment  of  the  power  of  crecBOO'l^ 
A  somewhat  more  persistent  condition  is  shown  by  an  appfeci*W* 
diminution  or  capriciousncss  of  the  sexual  appetite,  with  a  maxkerf  ^ 
crease  of  the  power  of  erection,  and  again  there  is  not  unfrequently '"j 
entire  absence  of  sexual  desire  and  power  of  erection.  Another  fona*'^  j 
impotence  may  be  termed /f^'^A/Va/.  The  unfortunate  subjects <9f  '''n 
con  i/tion,  ignorant  of  what  the  normal  sexual  appetite  should  bet<^*^^l 
timt^n  suppose  thai  in  their  case  it  is  deficient.    Depressed  anddistraclwT 
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bj  self-brooding,  tliey  sdmetinie9  fultil  theiiuipwj^^rirto^  and 

£ail  in  their  preliminary  attempts  to  accomplish  the  sexudl  act  through 
the  very  intensity  of  their  desire. 

We  shall  not  attempt  to  enter  into  any  consideration  of  the  causation 
^|lf  these  symptoms,  further  than  to  say  that  the  vast  majority  of  cases 
of  this  character  are  brought  on  by  the  same  general  causes,  mastur- 
bation^  or  sudaenly  breaking  off  the  habit  of  masturbation,  excessive 
sexual  indulgence,  prolonged  continence,  or  by  any  influence  that 
debilitates  the  system. 

Not  only  in  its  incipient  but  in  its  more  advanced  stages,  irapotence 
not  unfrequently  is  the  result  of  organic  disease  of  the  nerve-centres, 
and  its  treatment  by  electricity  is  of  importance  only  so  far  as  it  serves 
as  an  illustration  of  the  extraordinary  stimulating  or  tonic  influence 
of  the  remedy.  We  have  had  patients  suffering  from  incurable 
chronic  hemiplegia,  progressive  muscular  atrophy,  locomotor  ataxia, 
etc,  where  there  has  been»  under  local  and  general  electrization,  a 
most  extraordinary  increase  in  the  desire  and  capacity  for  sexual  inter- 
course, 

Electro-Dia^nosis.—Atuzsthesia  of  one-half  usually  the  left^  of  the 
penisy  is  a  condition  not  unfrequently  observed  in  diseases  of  these  parts. 
This  may  be  detected  by  an  electric  examination  or  by  the  assthesiom- 
cter.  This  peculiarity,  which  was  first  pointed  out  by  Schul/.,  we  have 
observed  in  a  number  of  instances.  With  anaesthesia  there  maybe 
coldness  and  blueness  of  the  sexual  organs. 

Occasionally  the  anjesthesia  is  quite  profound,  and  as  a  rule  the  sex- 
ual weakness  is  in  proportion  to  the  degree  of  the  anaesthesia. 

The  numbness  in  these  cases  is  more  than  an  accidental  association  ; 
it  would  indeed  appear  as  if  it  were,  to  a  certain  extent,  a  cause  ;  for  by 
the  application  of  the  ordinary  electric  brush  to  the  parts  in  the  same 
way  that  we  treat  any  case  of  local  ancesthesia,  the  numbness  is  often 
removed,  and  the  integrity  of  the  sexual  function  restored. 

Hyperesthesia  of  the  urethra  is  a  condition  that  is  sometimes  ob- 
served, especially  in  patients  otherwise  nervous  and  irritable. 

In  the  worst  stages  there  may  be  atrophy  of  the  testicles  and  the 
penis,  and  a  diminution  of  temperature  diat  is  at  once  perceptible  to 
the  hand. 

Treatment. — In  the  consideration  of  the  various  degrees  of  impaired 
sexual  power,  the  question  at  once  arises,  What  are  the  indications  ai>d 
how  are  these  indications  to  be  fulfilled  i*  In  the  milder  forms  of  impo- 
tence, where  there  is  simply  premature  ejaculation  of  semen,  with  some 
diminution  of  the  power  of  erection,  as  we!!  in  the  more  advanced 


iC»  DISEASES  OF  THE  GENITO- URINARY  0RC;ANS. 

fligp^  «tiere  the  desire  is  capricious  and  the  power  of  erection  pretty 
^■ii  docxojpedy  it  is  evident  that  there  must  be  a  degree  of  paralysis  at 
:^lft  root  o^  ihie  disorder,  dependent  on  structural  changes  in  the  nene- 
.■■ftfr^S  ot  else  this  impaired  power  or  tone  in  the  muscles  and  crectik 
tHaenukjr  be  of  a  purely  local  character.  In  the  latter  case,  the  indi- 
ealiooftare  clearly  the  same  as  in  other  forms  of  local  paraly&is,  and  \fj 
finuibaiioa  of  the  ischio-cavernosus  and  bulbo-cavemosus  iiiusdes 
BMidl  UIM.J  be  accomplished.  In  recent  cases  of  impotence,  where 
dHK  is  considerable  power  remaining,  as  well  as  in  a  more  advanced 
"Ttgr.  where  the  power  is  approximately  lost,  we  not  unficqucniif 
find  that  the  seminal  secretion  is  markedly  reduced,  not  only  in 
quftOCity  but  quality ;  and,  reasoning  from  analogy,  it  would  seem 
th&t  in  such  cases  there  were  undoubted  indications  for  the  use  of  elec- 
tricity. 

The  galvanic  ciurrent  especially  has  the  power  of  exciting  to  increased 
A.  lie  secretory  function  of  various  glands,  and  not  seldom K- 

• .  ,  physiological   mucous  discharges.     The  salivary  and  lachry- 

mai  glands,  as  well  as  the  liver,  are  susceptible  to  stimulation  by  dec- 
triMtion,  and  it  is  undoubtedly  true  that  the  lacteal  secretion  has  bwn 
iui^uicnted  by  passing  the  current  through  the  breasts  of  nursing 
wgiuco.     (See  chapter  on  Nutrition  in  Electro- Physiology.) 

It  is  highly  probable,  then,  that  a  deticiency  in  the  secretion  of  seiflfO 

when  It  «s  dependent  on  local  paralysis  or  exhaustion  of  the  nerve*  con- 

troiiing  this  function,  and  not  on  pathological  changes  of  a  structunl 

•  ivAxActcr^  may  be  successfully  remedied   by  galvanizing  the  spermatic 

ci  and  testicles.     We  cannot,  however,  in  aJl  cases,  dc^cr\6  on 

r  ilone.     Not  only  may  impotence   be  associated  ^^ 

-ult  wholly  from  disorders  of  a  general   character.   Th* 

ise  of  sedative  narcotic  remedies,  sedentary  habits,  andg*- 

—  Mon  from  any  cause,  lead  to  the  condition  under  ccnsi^' 

tijiid  the  general  constitutional  tonic  influence  uf  general 


>4Cul»  scminales  and  the  testicles  may  be  affected,  »n^  * 

i.ats  very  powerfully  and  sensibly,  when  one  of  the  poles* 

ower  part  of  the  spine,  and  the  other  to  some  point  on 

iiuinsl  the  perinaeum.     A  very  good  way  to  affed  ^ 

jrgans  is  to  apply  one  pole  firmly  against  the  ?^ 

:f  Upon  the  testicles. 

ve  jjeniial  organs  should  not  usually  be  protff***" 

tea  minutes ;  galvanization  from  two  to  eight  mi" 

•w*.  current  would  appear  to  be  preferable.     Impoto*^ 
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lite  seminal  emissions,  may  sometimes  be  treated  by  connecting  the 
slf^l  sound  introduced  into  the  urethra  with  one  of  the  poles  of  the 
far?dic  current,  thus  combining  the  toning  effect  of  pressure  with  thr 
toning  eflfect  of  electricity  on  tlie  relaxed  parts. 

Aspermaiism. — Impotence,  as  before  remarked,  may  man-  ^ 

ifest  itself  by  many  symptoms,  and  in  various  degrees  ;  but  Vf 

there  is  one  phase  of  it  that  is,  we  believe,  not  very  com- 
mon. It  consists  in  an  inability  to  ejaculate  semen  while 
the  |K>wer  of  erection  remains  vigorous,  and  to  this  condi- 
tion the  term,  asperniatism,  was  first  proposed  by  Ruubaud 
in  1855. 

Dr.  Wm.  H.  Van  Buren,  in  an  article  published  in  the 
New  York  Medical  Journal  {qx  November,  1868,  suggested 
that  the  difficulty  in  ejaculating  the  semen  was  caused  by  an 
exaggerated  spasmodic  contraction  of  the  muscular  fibres  of 
the  walls  of  the  ejaculatory  ducts,  leading  to  their  occlusion 
under  extreme  excitement.  On  this  theory  it  would  scera 
that  the  indications  called  for  galvanization  of  the  ejacu- 
latory ducts;  but  in  two- cases  that  have  come  under  our 
observation,  and  that  might  fairly  be  placed  under  the  head 
of  this  affection,  the  treatment  failed  lo  afford  relief. 


Spermatorrkaa  associated  with  profound  mental  and  physical  depres- 
siuH — Rapid  retovery  under  geueral  and  localized  faradizatioH  and 
central  galvanization. 

Case  CLXXX. — Mr.  T- ,  a  yonth  aged  17,  came  under  our  care 

April  23d,  1S73,  for  the  relief  of  spermatorrhoea  associated  with  pro- 
found menial  and  physical  depression.  The  patient  was 
of  a  highly  nervous  organixation,  and  attributed  hU  symp- 
toms mainly  to  the  vice  of  masturbation,  which  he  had 
practised  for  a  number  of  years.  The  muscles  were  in 
a  flabby  condition  ;  there  was  marked  ansemia,  and  his 
strength  hardly   permitted   him    to   walk   half  a  dowm  Fic.  mo. 

blocks  viitbout  the  onset  of  a  paroxysm  of  cardiac  pal-  Insulated  Catheter  Electroda 
pttstion  with  utter  exhaustion.      The  mental  faculties 

were  weakened,  and  at  the  same  time  his  feelings  were  in  such  a  condition  of  hypochon- 
driacal depression  that  he  would  allow  no  hope  of  recovery  to  enter  his  thought. 
Emiteions  of  semen  occurred  regularly  two  or  three  times  a  week.  The  patient  waf 
inunediately  submitted  to  general  faradization  with  alternations  of  central  galvan- 
isation and  localiied  faradization.  At  the  end  of  a  month's  treatment  it  was  found 
that  there  had  been  but  three  seminal  emissions,  and  during  the  last  two  weeks  none 
at  alL  Me  had  become  decidedly  hopeful,  and  could  exercise  both  mind  and  body  to 
a  far  greater  extent  than  for  six  months  before.  The  treatment  was  discontinued, 
and  the  patieut  left  the  c'*y  for  his  home.     As  is  the  ostial  course  known  under  sinu* 
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lar  conditions,  the  improvement  continued  uniotcrTuptedly,  and  before  the  date  d 

the  summer  a  perfect  recovery  was  complete. 

Sptr motor rhctu  associated  wtfh  extremr  lurrmts  exkaustioH  9/  tknt  ytMnf  * 
ing — Improvement  under gttteral /aradiz^tion  iifiil*  1  1  nfr  ni'^ilfw/fariw 
Case  CLXXXI. — G.  H.  W.,  a  young  man  aged  twenty-fiTC  years,  came  tui 
lember  19th,  1871,  complaining  of  a  persistent  spcnnatorrboea,  assodater)  vtl^i 
physical  and  mental  depression.  Three  years  before,  he  first  obierred  1  ifaofai 
weakne!:<i  of  the  eyesight,  together  with  occasional  nocturnal  c2t>isfitori>  of  hskb.  I< 
sluiuld  be  stated  that  the^e  symptoms  immediately  followed  a  severe  attack  dL  irtk»- 
mation  of  the  bowels,  with  enlargements  of  the  mesenteric  glands.  All  bi^  lift  ke  lal 
indulged  in  masturbation  to  a  considerable  extent.  His  nervoas  syMeai  ii*d  Wv* 
completely  upset  that  for  three  years  he  had  been  unaUc  tn  study  or  to  woi^  ami  tt 
medication  and  the  influences  of  travel  and  change  had  failed  to  bencAl  him,  be  k^pa 
to  despair  of  recoveiy,  and  became  tenfold  more  despondent,  and  was  to  tvteli 
physically  that  he  was  unable  to  walk  more  than  two  or  three  sJiorl  blocks  vkbotf  A 
sense  of  utter  exhaustion  and  a  soreness  and  "drawing  down  "  in  the  italnnif  tkt 
was  absolutely  painfuL  Seminal  emissions  occurred  almost  every  night,  and  i 
immensely  to  his  misery,  both  mental  and  physicaL  As  an  evidence  of  the  < 
sively  sensitive  condition  of  the  central  nervous  sjrstem,  it  may  be  stated  that  A  i 
current  of  moderate  strength  applied  to  the  sacrum  and  lumbar  r^oo  prodnecd  \ 
flex  action  a  decided  tingling  sensation  in  several  remote  parts,  and  cspeciaQv  oBtkc  ' 
crown  of  the  bead.  The  patient  was  submitted  to  general  farxftsatioo*  aad  tote 
the  influence  of  a  dozen  applications  improved  comiderably  in  strength  of  miui  wk 
body.  Subsequently  many  similar  applications  accomplishes]  nothing  mart.  («»  ki*' 
Galvanization  of  the  brain,  sympathetic,  and  spinal  cord  was  then  resorted  la  A 
new  imfictus  seemed  to  be  immediately  imi>artcd.  The  emissions  became  levfrc^aM* 
and  finally  occurred  so  seldom  xs  to  occai>ion  little  remark.  Tlie  power  of  cnUiiMS 
thought  returned,  and  at  the  end  of  another  month,  he  left  us  apparcaiJy  mj«wm^ 

Failure  of  the  sexual  power  and  spermaterrheea  assaciatttt  WtiA   ir/Vf  lirndrisnt  -^_ 
Recoi'ery  under  central  galvanizatian  and  ioe(tIiitd /^wMti»aiiH^  I 

Case  CLXXXI  I. — Mr.  came  to  us  by  the  advice  c»f  Dr.  Juha  Bytne.    F« 

several  years  lie  had  l)een  affcctctl  with  an  excessive  irritabiliiy  of  the  Mnkal  o<xv% 
in  consequence  of  which  he  had  become  both  ph>-$icatly  and  mentallr  detveacd.  b 
voluntary  ejaculations  of  semen  were  frequent,  and  occurred  generally  ditnac  ^'^  * 
night,  while  the  ability  to  perform  satisfactorily  the  act  of  coiltoe  bwmhJ  ^^» 
inert. 

The  patient  was  treated  by  central  galvanization  and  by  ^TfldiMyimi  kxabit 
directly  through  the  genital  apparatus. 

The  bcnefieial  results  of  the  treatment  were  soon  most  decidcdlr  Ttanife^fH.  TV 
involuntary  emissions  ceased  in  the  course  of  a  month  almost  enltrelj«  and  the  wmk 
power  lelunied  in  full  force.  As  a  natural  result,  the  mental  tmliMtty  ^yj^  toMiH 
feod  the  patient  left  us  quite  hopeful  and  happy. 

Congenital  impotenee,  with  the  sexual  insiinet  unim/v*t.^t — .> .  tmjr-tirrm*^ 
Case  CLXXXIII.— A  very  interesting  caM  of  congenital  impotence  fcH— jtr^ 

observation  in  February,  1872. 
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The  patient  was  a  young  man  aged  jo,  and  although  the  sexual  instinct  was  fully 
deretoped,  and  a  strong  feeling  of  sexual  desire  had  been  manifested  from  his  earliest 
manhood,  yet  he  had  never  at  any  time  been  able  by  artificial  means  to  excite  any 
orgasm,  or  the  slightest  ejaculation  of  semen. 

Actual  intercourse  had  never  been  attempted. 

He  was  subject  to  occasional  nocturnal  emissions,  that  were  accompamed,  however, 
by  no  pleasurable  sensations,  Strurturally  the  parts  seemed,  to  be  in  every  way  per- 
fect, and  the  fault  undoubtedly  lay  in  some  origina]  imperfect  condition  of  the  nervous 
supply. 

No  benefit  was  dcnved  from  treatment. 

Almost  complete  impateHre  in  a  patient  aged  45 — Perfect  recovery  under  localited 
faradiiation  and  galvanization  of  the  spine  and  sympathetic. 

Case  CLXXXIV.— Mr.  X.,  aged  about  45,  was  directetl  to  us  by  Dr.  James  An- 
derson,  in  the  spring  of  1872.  The  patient  was  a  stoat,  vigorous  man,  and  the  father  of 
several  children,  but  for  some  years  he  had  observed  a  gradual  but  decided  decrease  of 
sevual  power,  and  at  the  date  of  his  application  for  treatment  he  asserted  that  be  was 
almost  completely  impotent.  Wc  submitted  him  on  alternate  days  to  localized  fara- 
dization  and  galvanization  of  the  lower  portion  of  the  cord,  and  occasionally  extended 
the  galvanization  to  the  neck  in  order  to  bring  more  or  les.s  completely  under  the  in- 
fluence of  the  current  the  sympathetic  system.  This  method  was  faithfully  followed 
out  for  some  six  weeks.  Week  by  week  the  patient  observed  increasing  sexual  capa- 
city, and  at  the  close  of  the  treatment,  when  he  departed  for  Europe,  he  claimed  to 
possess  perfect  sexual  vigor. 

He  has  suffered  to  this  date,  XS74,  no  relapse. 

Diminution  of  pamer  of  erection  in  a  married  man  in  the  prime  of  life — Cephalagia 
and  debility — Recovery  under  general  faraditation. 

Case  CLXXXV. — Mr.  ,  a  merchant  in  the  prime  of  life,  and  to  all  appear- 
ances enjoying  excellent  health,  consulted  us  for  inability  to  perform  satisfactorily  the 
act  of  coition.  This  inability  did  not  involve  an  absence  of  sexual  de*irc,  but  simply 
a  want  of  power  to  obtain  and  retain  an  erection,  This  gentleman  liad  a  family  of 
several  children,  and  since  his  marriage,  many  years  before,  had  led,  according  to  his 
statement,  a  correct  and  regular  life.  He  attributetl  this  premature  decline  to  early 
excessive  indulgence  and  abuse  of  the  generative  function.  His  outward  appearance 
belied  his  general  condition,  for  hcsuficrcd  much  from  headache,  and  oftentimes  on 
rising  in  the  morning,  from  considerable  enervation. 

General  electrization  was  decided  on  and  given,  together  with  local  applicationi 
He  continued  treatment  for  three  weeks,  receiving  an  application  every  other  day. 
The  result  was  entirely  satisfactory.  His  general  condition  was  so  mucb  improved, 
snd  the  vigor  of  his  sexual  organs  was  so  much  increased,  that  he  was  enabled  to 
complete  the  marital  act  as  satisfactorily  as  in  his  youth. 

Impotence  of  twenty  yeari  standing  caused  by  local  paralysis — Numiness  and  cold- 
ness  of  the  parts— Deficient  p<nuer  of  erection^Sligkt  seminal  secretion — No  tm- 
frovement  under  galvanisation  and  faradization. 
Case  CLXXXVL  —Mr.  -^,  aged  44,  was  sent  by  Dr.  Jerome  Smith  to  be  treated 

for  impotence  of  nearly  twenty  years'  standing.    When  but  17  yean  old  he  contracted 
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gonorrhoea,  and  at  the  age  of  25  was  attacked  by  sypbttU.      At  UmI  tine  lie  lad  f  I 

very  dissipated  HFe,  and  no  sooner  was  an  attack  of  this  Hi«iiaan»  mppmrentiy  eatti  I 

he  forthwith  subjected  himself  to  another.    During  the  Last  attack  tJbe  9oJiA  cuulicA 

been  introduced  into  the  urethra.     This  cauterizatioo  prodoced  esccasnv 

lion  and  pain,  aiid  was  followed  by  complete  impotence,  msKxriatcd  wkb  a  i 

numbness  and  coldness  in  the  penis.      He  Iiad  tested  nearly  all  remedies,  j 

time,  by  the  advice  of  Di.  Brown-Sfcquard,  he  had  used   liot   and  cold 

all  without  avad.     When  he  came  to  us  the  penis  was   qaite   cold,  and 

the  natural  size.     Erection  was  occasionally  possible,  but   he  was  nev«r  able  l»ae>1 

complish  the  marital  act.     The  testes  were  of  an  almost  natural   sue,  aod  «hiai  t^l 

penis  was  artificially  excited,  a  small  amount  uf  semen   would  appear.     The 

was  apparently  paralyzed,  and  the  impjotence  was  manifestly  due  to  that 

than  to  the  want  of  seminal  secretion.     The  patient   was  a  stout,    hardy,  < 

man,   of  a  full  habit,  and  quite  a  free  liver;  and   ucithcr  in   his 

in   his  general  bearing  betrayed  the  slightest  effects  or  even    conscKMHoea  flfl 

affliction. 

Four  applications,  of  the  faradic  current  were  given,  with  the  eflect  nf  I 
incrcaidng   the   warmth  of  the  penis,    and   nothing    more.      Tbe  gatraaic  < 
was  then  tried.     It  increased  the  circulation  in  the  peois,  and  amaeqacMifl 
ened  the  temperature  more  than    the  faradic  current,    but    no    pennaaait 
resulted.     Our  patient   then  discontinued  the  treatment,  owing  to  the  1 
his  business  enijagements.      He  would  have  persevered,  howcrer,  if  mc  hmH 
ranted  in  holding  out  reasonable  chances  of  a  successful  result  from  a  lai^< 
electrization. 

Premature  discharge  and  deficient  lecretion  of  semfH,   ceuufd  by  e^xcatim  i 
indulgence — Recovery  under  external  and  internal  gahjvinitatt^^n  an  J  fa: 
combined  with  medical  treatment. 

Cask  CLXXXVII. — Mr. ,  aged  27,  formerly  a  gymnasf,  ap'i  ijittrriT  a  1 

consulted  us  in  May,  1870,  for  sexual  weakness  brought  on  by  abuse  of  the  onram.  I^  I 
discharge  was  premature,  and  with  les£  excitement  than  iisual,  ami  there  was  ■  m^ 
fest  deficiency  of  secretion.  The  patient  was  exceedingly  tnuscniar,  and  ht*  raani 
health  was  almost  perfect.  For  that  reason  only  local  treaitneni  was  cat^foL 
The  organs  were  faradized  in  the  various  methods  twice  a  week,  and  once  a  wsk 
internal  galvanization  was  employed,  the  metallic  extremity  of  the  catheter  tlctTr^ 
being  directed  as  near  as  possible  to  the  orifices  of  the  ejaculatory  doct^  M  tk 
same  time  the  patient  was  directed  to  take  a  mixture  of  bromide  of  pota 
wine  of  ergot.  Under  this  combined  treatment  the  recover}'  was  ooapfete  ta  twm- 
ty-five  applications. 

During  the  latter  part  of  the  treatment  the  patient  obserotel,  dttrimg  nsmmtmlf^ 
iourse^  a  x/ery  great  increase  iH  the  quantity  of  semen  diseJkarged, 

Diseases  of  the  Bladder. — ^The  diseases  of  the  bladder  for  whidl  efafr 
trization  is  chiefly  employed  are  incontinence  of  urine  at^d  ^ 

Incontinence  of  urine  depends  on  an  irritable  condition  1 
of  the  bladde;.     While  ft  largely  sympathizes  with  other   dtseasci  tti 
tbe  general  health,  being  frequently  associated  with  hysteria  aad  1 
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irritation,  it  is  yet  oftentimes  a  purely  local  affection.  There  are  vari- 
ous grades  of  the  disease,  from  simple  irritability  that  makes  it  neces- 
sary to  pass  the  water  with  unusual  frequency,  to  utter  inability  to  sleep 
through  the  night  without  unconsciously  "  wetting  the  bed."  The  for- 
mer condition  exists  mostly  in  adults— especially  in  the  hysterical  and 
the  aged  ;  the  latter  is  peculiar  to  the  period  of  childhood.  It  is  pro- 
bable that  the  pathological  condition  iti  children  who  nightly  void  their 
urine  in  bed,  is  not  necessarily  worse  than  that  in  adults  who  only  com- 
plain of  being  obliged  to  pass  the  water  with  abnormal  frequency.  The 
unpleasant  results  in  children  are  due  to  their  profound  sleep  or  defi- 
cient self-control.  That  the  pathological  condition  in  children  is  not 
always  of  an  important  character  is  proved  by  the  fact  that  it  sometimes 

[  yields  to  purely  moral  influences. 

In  the  treatment  of  incontinence  of  urine,  both  external  and  inter- 
nal applications  may  be  used.  In  the 
majority  of  cases  the  internal  applica- 
tions by  means  of  the  catheter  electrode 
(p.  625)  are  not  required.  It  is  needless 
to  say  that  in  young  children  the  intro- 
duction of  the  catheter  electrode  is  at- 
tended   with  difficulty.      The   treatment 

j  we  prefer  is  faradization  with  strong  cur- 

(  rents  through  the  neck  of  the  bladder. 
In  males  one  pole  may  be  placed  over 
the  sjTuphysis  pubis,  and  the  other  at  the 
perinieum  ;  in  females  one  pole  may  be 

[  applied  over  the  symphysis  pubis  and  the 

lier  at  tlie  lower  part  of  the  sacrum. 

es   associated   with   hysteria,   or    de- 

Epcndent  on  spinal  disease,  need  central 

[and  general  electrization. 

Prognosis. — The  prognosis  of  young 
and  recent  cases  is  usually  good.  Long- 
standing cases  also  yield,  but  need  cor- 

I  respondingly  longer  treatment,  and   are 

liable  to  relapse.    Cases  complicated  with 

constitutional  or  central  disease,  which 

re,  of  course,  mostly  found   in  adults, 

[have  either  a  favorable  or  unfavorable 
prognosis,  according  to  the  nature  of  the  ^^^^^^  VcS^^arEi^'tor  or  El«. 


CLOSED. 


OPEN. 


dy  with  which  they  are  complicated. 
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Paresis  *  and  Paralysis. — Paresis  and  |>aralysis  of  the 
frequently  depend  on  incurable  diseases  of  the  spine,  that  the 
nosis  is,  as  a  rule,  unfavorable  as  regards  a  complete  care.     Rch 
improvement,  even  in  very  bad  cases,  may  be  gained  by  faitliful 
ment,  but  entire  recoveries  are  exceptional. 

The  treatmcfit  should  be  external  and  internal,  ninth  both  the  galviaic 
and  faradic  currents,  combined  with  central  galvanization. 

^.r/^rr/rt/ applications  may  be  made,  placing  one  pole,  the  negatj»e, 
over  the  symphysis  pubis,  and  the  other  on  the  back,  or  at  tlie  nx^d 
the  neck,  and  parsing  very  strong  faradic  currents  with  intcrruptMOk 

Jftternal  applications  may  be  made  either  with  tl  aiSxto 

electrode,  or  with  Duchenne's  double  vesical  elect  ^       ,1), 

The  catheter  electrode  may  be  connected  with  the  ncgatiYc 
while  the  positive  is  at  the  hj'pogastric  region  or  back.  By  ntcoa}  < 
double  exciter  of  Duchenne  the  current  can  be  more  excludtciY  I 
ized  in  the  muscles  of  the  bladder  than  by  any  other  method. 

Gonorrhoea. — It  would  not  be  unreasonable  to  suppose  that  pjotr 
rhcea  in  its  subacute  stage  might  be  treated  by  el ec trillion  w»tt  a 
lea^t  as  satisfactory  results  as  subacute  inflatnmatioiis  of  the  tstKxm 
membrane. 

We  have  had  opportunity  to  test  faradization  in  three  cases  d(g»Bh 
rhcca  while  the  intiammation  was  in  quite  acute  stages. 

Gonorrhaa —  Temporary  imrfast  of  secrttion  undtr  fara^itAticn—Ilirtnn. 

Case  CLXXXVIII. — A  gentleman  requested  us  lo  try  on  him  electiiol  titfUMtf 
for  an  attack  of  gonorrhoea  that  he  had  recetttly  contracted.  W«  tummii  1 1«* 
so,  with  the  understanding  that  the  treatment  should  be  considered  as  txaawmtA 
inasmuch  as  we  had  treated  but  one  case  orgnnorrhoea  by  electricity. 

We  employed  local  external  faradiration  through  the  penis,  w*- 
direction  of  the  current.  After  four  applications  he  represente^l 
In  thi-s  as  in  another  case,  there  was  &ome  tempoiary  inoeAsc  of  Uie  araitei  \ 
lion  after  the  first  two  applications. 

These  cases  may  be  taken  for  what  they  are  worth  ;  tber  vt  tte 
only  cases  of  the  kind  in  which  we  have  ever  attempted  decfli* 
treatment. 

Chronic  urethris  {gltet)  we  have  treated  by  mild  galvanuatioa  i 
the   catheter  electrode   and   sounds,    and   with    cncourapi^ 
Electricity  thus  used  acts  well  as  an  adjuvant  to  the  other  1 
just  as  in  catarrh  of  the  nose,  granular  lids,  chronic  inClaminatioo  of  ^ 
middle  ear,  and  analogous  conditions. 

•  From  Koptatt^  exhaust  ioa. 


ENLARGEMENT  OF  THE  PROSTATE. 


627 


Syphilis. — The  severe  pains  of  secondary  syphilis  are  to  a  certain 
extent  relicvable  by  general  and  localized  faradization,  as  we  have  de- 
monstrated in  a  few  instances ;  concerning  the  permanency  of  theif 
effects  we  have  as  yet  no  positive  evidence. 

(For  the  treatment  of  syphilitic  ulcers,  see  Ulcers.) 

Buboes  may  be  discussed  by  external  faradization,  and  have  been 
so  treated  by  Hassenstein.*     Chovstek  has  used  galvanization. 

Orchitis. — The  electric  treatment  of  orchitis  has  been  particularly 
studied  by  Drs.  Jules  Cheron  and  Moreau-VVolf.f 

They  give  the  results  of  the  treatment  in  nine  successful  cases. 
Their  method  of  treatment  was  to  direct  a  galvanic  current  from  ten 
to  twentj'-four  cells  of  RcniaJc,  through  the  tumor,  from  two  to  eight 
minutes.  Sometimes  the  positive  pole  was  placed  on  the  most  pain- 
ful point  of  the  swelling,  and  the  negative  on  the  spermatic  cord.  The 
authors  regard  the  ascending  current  (up  the  cord)  more  effective  than 
the  descending. 

Most  of  their  cases  were  cured  by  a  few  (from  four  to  ten)  applications. 

The  great  advantage  which  the  authors  claim  for  this  method  of 
treatment  in  orchitis  is,  that  the  patient  is  not  obliged  to  suspend  his 
daily  duties,  since  absolute  repose  is  not  necessary. 

Ckr9mie  orchitis  of  six  months  standing  in  a  syphiliiic  patient — Approximate  re^ 
tffvcry  under  external  j^alvanization  and  faradiuUion. 
Case  CLXXXIX.— Mr,  W.,  aged  28,  consulted  us  in  October,  1S70,  for  an  enlarge- 
nent  of  the  left  testicle  that  had  troubled  him  for  «k  months.  It  was  about  twice  the 
van  of  the  right  testicle.  There  was  no  pain,  but  a  constant  sense  of  weight.  The 
patient  was  suffering  from  secondary  syphilis,  ind  had,  in  timc^  paist,  repeatedly  expe- 
rienced attacks  of  gonorrhoea.  Stable  galvaniz.ition  with  a  current  that  was  com- 
fortably borne  was  employed  for  ten  minutes,  the  positive  pole  being  applied  over  the 
testicle  at  different  points,  and  the  negative  pole  over  the  spermatic  cord.  The  pAtient 
stated  that  the  testicle  felt  less  disagreeable.  In  two  days  there  was  an  apparent 
diminution  in  size.  Three  more  similar  applications  and  one  faradization  produced 
an  almost  complete  recovery. 

Enlargement  of  the  Prostate. — The  electrical  treatment  of  h)'per- 
trophy  of  the  prostate  has  been  studied  by  Tripier,J  who  has  demon- 
strated that  the  effect  of  faradization  of  this  organ  when  enlarged  is  to 
cause  resolution.  The  rationale  of  the  treatment  is  substantially  the 
same  as  for  analogous  conditions  of  the  uterus.     The  subject  is  one 

♦  Cltemisch-Electrische  Heilwcrke,  Leipzig,  1853. 

f  Du  Trailement  de  TOrchite,  par  Tapplication   Jes  cooraots  continus  constants, 
1S69. 
1^  Manuel  d'filectxothrfrapie,  p.  567. 
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on  the  s)Tnphysis  pubis  and  the  olhi 
internal  faradization,  one  pole  in  the  reel 
point  where  it  came  near  the  prostate — and 
prostatic  portion  of  the  urethra,  by  a  flexible 
gum  elastic  catheter,  according  to  the  suggei 
in  this  way  the  electrodes  were  very  near  to 
localities,  antl  only  very  ftehh  currents  coul 
slight  hemorrhage  followed  the  treatment  in 
was  exercised.     It  was  found  impossible  to 
rents  by  this  metliod  to  i>roduce  any  cffec^ 
partly  external  faradization.     This  treatmcni 
a  cystitis  that  existed,  was  abandoned. 

Dr.  Mittendorf,  of  this  city,  informs  us  t 
results  in  enlargement  of  the  prostate,  in  tvi 
faradization — one  pole  over  the  symphysis 
perinasum. 

Diseases  of  the  Rectum. — Electrization  1 
a«/,  paralysis  of  the  sphmeter,  and  hemorrkoit, 

The  current  can  be  very  well  localized  tl 
rectal  electrode  (see  p.    581),  which  may 
lated      The  rectum  is  but  little  sensitivi 
Tents.     The  rectum  may  also    be   treated  1 
analogous  to  that  which  is  used  in  the  bladd 
is  used,  one  of  the  poles  should  be  placed  < 

Prognosis. — Paralyses  of  the  sphincter  ti 
like  paralysis  of  the  bladder  depending  on 
a  perfectly  fovorable  prognosis. 

Jn  prolapsus  ani  BcnediVt  *  claims  a  fe^ 
have  treated  one  long-standing  case  wilhoul 
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CHAPTER  XXXI. 

DISEASES   OF  THE    LARYNX. 

The  disease  of  the  larynx,  for  which  electrization  has  been  almost 
exclusively  used,  is  aphonia^  a  condition  which  arises  from  many  morbid 
states. 

Anamia  and  Inflammation. — External  electrization  of  the  throat  is  of 
service  as  an  adjunct  in  the  treatment  of  inflamed  and  irritable  con- 
ditions of  the  larynx,  but  only  in  rare  cases  has  it  been  thus  employed. 
We  have  found  that  faradization  of  the  neck,  for  from  two  to  five 
minutes,  has  an  appreciable  and  agreeable  effect  in  diminishing  the 
irritation  produced  by  cauterization,  and  when  continued  exerts  a  tonic 
influence  on  the  organ.  In  cases  of  diseases  of  ^he  larynx,  connected 
with  hysteria  or  anaemia,  the  local  treatment  is  materially  aided  by 
general  faradization. 

Subacute  and  chronic  inflammations  of  the  pharynx  are  also  treated 
with  some  success  in  the  same  way,  and  on  the  same  principles. 

Method  of  External  Electrization. — The  larynx  may  be  electrized  ex- 
ternally by  various  positions  of  the  electrodes.  One  pole  may  be  placed 
at  the  back  of  the  neck  and  the  other  just  above  the  manubrium  sterni, 
or  the  poles  may  be  pressed  against  the  larynx  by  the  inner  border  of 
the  sterno-cleido-mastoid  muscle,  or  one  of  the  poles  may  be  in  the 
hand  of  the  patient.  These  methods  are  best  adapted  for  the  pur- 
poses of  producing  a  sedative  or  tonic  effect  on  the  inflamed  and  irrita- 
ted membranes.  We  have  frequently  used  this  treatment,  for  about 
five  minutes  after  the  application  to  the  larynx  of  irritating  caustics, 
with  satisfactory  results.  There  is  no  question  that  the  faradic  current, 
employed  perseveringly  by  these  methods,  and  in  cases  of  anaemia  and 
general  debility,  by  general  electrization,  will  alone  accomplish  some- 
thing in  anaemia,  subacute  inflammations,  and  nervous  debility  of  the 
larynx. 

Aphonia. — ^There  are  few  local  disorders  that  yield  more  uniformly  or 
readily  to  any  method  of  treatment  than  aphonia  to  electrization.  In 
order,  however,  to  form  a  correct  idea  of  its  value  in  these  cases,  or  to 


the  vocal  cords :  * 

1.  Bilateral  paralysis  of  the  j 

2.  Unilateral  paralysis  of  the  i 

3.  Bilateral  paralysis  of  the  ab 

4.  Unilateral  paralysis  of  an  1 

5.  Paralysis  of  the  tensors. 

6.  Paralysii  of  the  laxors. 

The  Jirst  of  the  above-mentioned  pAthological  cond 
depend  most  frequently  upon  hysteria  and  debility,  aa 
In  thcjc  cases,  however,  which  are  loo  frequently  but  th 
stituttonal  disorder,  it  has  been  oiu'  custom  to  rely  on 
electrization.  M 

Central  diflicaUy  is  rarely  acause  of  bilateral  paraljj| 
uncommon  in  certain  stages  of  phtbi^  In  37  c^a^ct  of) 
lie,  it  which  the  voice  was  affected,  he  found  that  in  ; 
ge<>tion  of  the  mucous  membrane  of  the  larynx,  whil«| 
functional.  Aphonia,  then,  coexbting  with  pulroom 
readily  relieved  by  local  treatment  alone. 

Hysteria  and  debility  are  nut  so  frccjuently  the  caq 
adductors  as  of  the  first-nameil  condition.     This  : 
may  be  due  not  only  to  phthisis,  but  to  toxemic 
muscular  strain,  and  even  to  cerebral  disease.     We  wi 
form  of  aphonia  would  be  more  p>crsistcnt  than  the  fi^ 

Clinical  experience  has  confirmcil  this  inference,       ^ 

Bilateral  paralysis  of  the  abductors  of  the  vocal  cot 
cauwlion,  in  the  majority  of  cases,  some  central  difficult 

The  prognosis  is  of  course  roost  serious,  but  fortunate 
met  with.     Unilateral  paralysis  of  an  altductur,  olth 
end  cause  as  the  bilateral  form,  yet,  more  frequently  I 
!>)•  some  peripheral  irritation,  as  pressure  on  the 
recurrent  netve,  by  an  aneurism  of  the  arch  of  tli 
cases  is  ako  unfavorable. 

Paralysis  of  the  tensors  and  laxurt  (both  the  bilatc 
iult,  in  the  majority 


TREATMENT  OF  APHONIA. 


631 


Spasm  of  the  muscles  controlling  the  vocal  cords  is  an  additional 
cause  of  aphonia. 

Treatment. — Mackenzie's  method  is  to  make  tlie  application  directly 
lo  the  cords  by  means  of  laryngeal  electrodes  (p.  632)  devised  by  hira. 
He  uses  the  faradic  current. 

The  direct  application  of  electricity  to  the  vocal  cords  is  undoubtedly 
more  efficacious  in  restoring  loss  of  voice  than  simple  external  appli- 
cation. This  latter  method  is,  however,  unrlerrated  when  it  is  said  that 
it  ••  seldom  restores  the  voice  when  it  has  been  lost  any  length  of  time." 
Several  cases  that  we  have  treated  at  various  times  illustrate  very  deci- 
dedly the  beneficial  results  that  may  follow  external  a[iplications,  even  in 
cases  where  the  disorder  has  persisted  several  months.  We  are  the 
more  gratified  to  be  able  to  make  this  statement  from  the  fact  that  the 
external  is  much  more  readily  performed  by  the  operator  than  the  inter- 
nal application,  and  is  far  more  agreeable  to  the  patient.  It  is  far  better 
at  first,  in  all  ordinary  cases,  \o  make  use  of  the  external  method  ;  and  if 
it  does  not  succeed,  it  is  time  enough  to  resort  to  the  direct  application. 
The  instrument  of  Mackenzie  is  thus  described  in  his  own  words  : 

•*  It  consists  of  two  parts,  viz.,  the  necklet,  which  the  patient  wears, 
and  to  which  one  chain  of  the  battery  is  attached,  and  the  laryngeal 
electrode  itself,  which  is  connected  with  the  other  conductor.  Tlie 
electrode  is  so  constructed  (see  cut)  that  the  current  does  not  pass 
beyond  a  certain  point  until  the  pole  is  seen,  in  the  laryngeal  mirror, 
to  be  upon  the  vocal  cords,  when  the  operator  touches  a  little  spring  in 
the  handle,  and  the  current  immediately  passes  through  the  laryngeal 
muscles.  The  necklet  should  be  worn  rather  low,  so  that  it  covers  the 
sides  of  the  cricoid  cartilage,  and  the  space  between  it  and  the  thyroid. 
In  this  way  the  lateral  adductors  of  the  cords  (crico-aryteuoidei  latcrales) 
can  be  most  easily  reached  ;  and  the  arytenoideus  proprius,  or  central 
adductor,  may  be  electrified  by  placing  the  pole  on  the  posterior  sur- 
face of  the  arytenoid  cartilages. 

"  I  generally  keep  the  pole  in  the  larynx  for  three  or  four  seconds 
each  time  it  is  introduced,  and  pass  a  succession  of  short,  rapid  shocks 
through  the  lar}'nx  ;  and  at  each  sitting  1  apply  the  pole  to  the  interior 
of  the  larynx  three  or  four  times." 

Mackenzie  is  of  the  opinion  that  the  effects  are  of  a  reflex  as  well  as 
direct  character. 

Meyer  *  reports  successful  results  in  the  treatment  especially  of  hys- 
terical apho  lia  by  the  electric  moxa,  applied  to  th<i  larynx. 


*  Opu  cit.»  p.  436  et  seq. 
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trical  or  otherwise,  may  cause  instantaneous  cure.  Some  of  the  most 
brilliant  achievements  of  mesmerizers  and  of  those  who  practise  laying 
on  of  hands  and  other  flummeries,  have  been  made  in  hysterical  aphonia. 
Kiini  of  Current  to  be  Employed. — For  electrization  of  the  larynx, 
externally  and  internally,  both  currents  have  been  used  with  success. 


IRRITATION    OF  THE    MUSCLES   OF   THE    LARYNX.* 

^Crico-thyrcid. — This  muscle  may  be  caused  to  contract  by  applying 
pointed  electrodes  by  the  conoidal  ligament.  The  effect  of  the  con- 
traction is  to  cause  the  annular  and  thyroid  cartilages  to  approach 
each  other. 

Arytenoid  Transverse^  at  the  posterior  surface  of  the  arj-tenoid  carti- 
lages. The  effect  of  the  contraction  of  the  muscles  is  to  cause  the 
cartilages  to  approach  each  other. 

Crieo  arytenoid  and  Thyroarytenoid  muscles,  in  the  sinus  pjTiformis, 
between  the  posterior  border  of  tlie  thyroid  cartilages  and  the  plate  or 
surface  of  the  cricoid  cartilages. 

Crico-arytenoid  Posterior  (dilator  of  the  glottis),  downward  and  back- 
ward from  the  sinus  pyriformis. 

Cricoarytenoid  lateralis,  in  the  sinus  pyriformis  on  the  exterior 
border  of  the  surface  of  ihe  annular  cartilage.  Contraction  of  these 
muscles  produces  rotation  of  the  cartilages  of  the  larynx,  with  move- 
ment of  the  vocal  cord  toward  the  median  hne. 

TJiyro  arytenoid^  beneath  the  anterior  superior  border  of  the  crico- 
arytenoideus  lateralis.  Contraction  of  this  muscle  brings  tlie  cartilages 
of  the  larynx  forward  and  downward,  and  narrows  the  glottis. 

Thyroepiglottic  and  ary-epiglottic  muscles,  at  the  border  of  the  epi- 
glottis. 

Prognosis  in  Aphonia. — The  prognosis  in  aphonia  depends  entirely 
on  the  pathology.  In  functional  (bilateral  paralysis  of-  the  adductors) 
A])honia  the  prognosis  is  more  favorable  than  in  almost  any  other  dis- 
ease that  is  known  to  science.  The  majority  of  cases  will  recover, 
•whether  external  or  internal  applications  are  used,  although  Mackenzie 
contends  that  the  recovery  is  nmch  surer  and  speedier  than  when  only 
internal  applications  are  used.  He  says,  out  of  more  than  tivo 
hundred  such  cases  he  has  succeeded  in  all  except  four.  In  some 
of  these  cases  the  aphonia  was  of  six,  seven,  and  even  eight  years' 
standing. 

*  The  subject  of  direct  electrization  of  the  laryngeAl  muscles  has  been  stuJied  by 
Ziemsscn.     Elektricitit  in  dcr  Medicin,  1866. 
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In  uniiaUral  paralysis  of  the  adductors  the  prognosis  i 
the  origin  is  local,  and  bad  when  it  is  central. 

In  bilateral  paralysis  of  the  abductors  and  uniiatcral ^ 
abductor  the  prognosii*  is  tinfavordblc. 

In  paralysis  of  the  tensors  of  the  vocal  cord  the  progna 
favorable. 

In  paralysis  of  the  laxors  of  the  vocal  cord  the  progno 
whole  favorable,  but  much  time  is  required. 

Aphonia  off»ur  months  standings  cattJtd  by  exposure  to  cM- 
txlemat  /ar&diuUwm, 

Case  CXC. — Miss  F.,  a  robust  young  laxly  of  1 8,  coasultod  ns  ta 
for  a  {xTMstent  and  an  almost  complete  aphonia,  frooa  which  she 
ing  without  any  relief  for  four  months. 

She  slated  ihal  on  the  evening  of  ihe  attack  she  was  enjoj-ing  a 
of  young  friends  on  one  of  our  rivers.     She  ha<l  foi  some  lime  j>re\4i 
of  slight  iriitaiion  of  throat,  but  it  caused  but  little  annoyance, 
somewhat  damp,  and  the  |mtient  careles&ly  uncovered  her  head  durtn 
the  party  remained  in  the  Itoal.     While  singing,  and  endeavoring 
high  note,  she  felt  as  if  something  in  her  throat  had  "rdaxcil  or 
way."     For  one  week  she  lemaincd  ^o  completely  aphonic  that  iiie 
an  intelligent  word.     In  the  course  of  another  week,  however,  sJ»e 
times  so  as  to  l>e  undersluixl,  but  only  with  considerable  diflioully,  a 
very  feeble  whisper,     .^t  this  point  all  improvement  ceased,  and  no  j 
tion,  or  external  or  internal  application,  seemed  to  be  of  any  Ix 
Laryngoscopic  examination  rcvcale<i  the  following  condition  of  the 
On  attempting  to  speak  the  right  vocal  cord  remained  almost  if  not  q 
white  it«  fellow  approached  the  median  line;     It  was  evident  from 
imperfect  working  of  the  left  cord,  that  it  also  was  coiisidcral»ly  inv< 
leu  had  been  completely  paralysed.      The  surrounding  tissues  wi 
congested. 

The  negative  electrode  was  placed  upon  the  spine,  between  the 
«ar|,  using  our  fingers  as  electrodes,  we  pftssed  a  steady  current  tl 
for  about  ten  minuter  At  the  conclusion  of  the  seance,  the  patl 
in  quite  a  loud  whisper,  and  a  second  examination  with  the  lar^-nj 
the  fact  that  the  right  vocal  chord  perceptibly  approached  the  m- 
•cl  of  phonation.  The  voice  of  the  patient  gained  strength 
dajrs,  and  after  receiving  but  two  similar  applications,  she  was 
and  sing  as  vigorously  as  ever. 

Aphonia  /^tawing  di^htria — Ret  fid  recatfery  under  dirtet  fm 
musclft  of  th«  glotti-t. 

Cask  CXCI.<—  Miss  G.,  aged  23,  and  snHering  from  functional  ap 
to  a  slight  diplitlteritic  att.ick,  con  suit  c<  I  us  in  the   spring  of  '71. 
Vfmk  above  a  whisper  had  cxi:>ted  some  two  weelck 

Kf  mfaiatioa  with  the  luTHgOBcopc  revealed  bilateral  paralyas  of  t 
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rntUg  the  glottbi,  with  A  slightly  congested  ccndttioo  of  the  surrounding  tissues.  Tb4 
nt  wa.s  ansniic,  and  exce^ively  nervous^  and  in  the  treatment  we  alternated  gen< 
^cnl  faradization  with  direct  faradization  of  the  muscles  of  the  glottis. 

Tl»e  tonic  effects  of  these  applications  were  soon  roanirest,  not  only  in  the  laryngeal 
muscles,  bui  U[)on  the  system  generally  as  well. 

She  gained  rapidly  in  nervous  vigor,  and  within  two  weeks  her  strength  of  voice 
entirely  rctumtd. 

Dr.  F.  I.  Knight,*  of  Boston,  has  reported  a  case  of  complete  paralysis 
of  one  recurrent  laryngeal  nerve,  and  partial  paralysis  of  the  other,  that 
was  benefited  by  the  galvanic  current  locally  applied. 

The  following  case  we  transcribe  from  Mackenzie's  work : 

ujkania  0/  a  ytat^s  duration^  from  paralysis  0/  tht  laxors  of  tit*  right  zwcal  card 
cwtd  by  tleftricity. 

Madam  C ,  agetl  34,  a  profe>sionat  anger,  consulted  mc  in  May,  1S65,  on 

account  of  a  (.lifiiculty  she  had  experiencetl  during  the  last  year  in  forming  her  lower 
notes.  Her  voice  in  the  ordinary  way  extended  from  d  aliove  the  line  to  a  Ijelow.  A 
year  ago  she  first  experienced  slight  difficulty  in  forming  the  lower  o,  and  in  January 
she  could  not  reach  l>eyond  b.  During  the  last  two  months  she  had  not  been  able  to 
ang  at  all,  even  in  private.  She  broke  down  directly  she  attempted  even  a  few 
notes.  She  attributed  the  loss  of  power  to  a  strain,  as  she  first  noticed  the  difficulty 
ai^er  the  performance  of  a  long  and  trying  cantata,  which  had  been  twice  encored. 
At  the  time  she  had  experienced  *  a  stinging  sensation,  extending  from  the  right  side 
of  the  throat  up  towards  the  car.' 

"  She  had  l>ceu  con!>tanily  under  treatment  suice  her  voice  first  became  affected. 
The  only  thing  which  had  seemed  to  do  her  good  was  a  solution  of  caustic  applied  to 
the  throat  with  a  piece  of  sponge  at  the  end  of  a  wbaletx>iie  rod.  But  though  this 
treatment  always  gave  temporary  relief,  there  was  no  permanent  improvement.  On 
making  a  bryngoscopic  examination,  the  imrallelism  between  tlie  vocal  cords  was  seen 
to  be  lost,  the  right  cord  curving  .iway  in  the  centre  from  the  median  line. 

"The  treatment  (du-cct  electrization  of  the  right  vocal  cord)  wai  long  and  tedious 
in  this  case.  At  the  end  of  six  weeks  there  did  not  appear  to  be  any  improvement, 
and  1  should  have  given  it  up  had  not  the  patient  most  earnestly  begged  of  me  to 
continue  a  little  longer.  I  was  glad  that  I  did  so,  for  a  fortnight  later  the  patient 
perceived  a  marked  improvement  in  the  voice.  In  order  to  test  tJie  voice  I  used  to 
allow  the  patient  to  sing  a  few  notes  once  4  week,  but  at  no  other  time.  At  the  end 
of  three  months  the  voice  was  decidedly  improved,  and  the  following  autumn  the 
voice  was  so  completely  restored  that  the  lady  was  able  to  accept  an  engagement 
in  Madrid." 

Spasmus  Glottidis  (Laryngismus  Stridulus — Spasm  of  the  Glot- 
its.) — In  this  affection,  which  is  acknowledged  to  be  of  a  nervous  char- 
acter, electrical  treatment  is  indicated  on  the  same  principles  on  which 
it  is  indicated  in  torticollis,  writer's  cramp,  and  facial  spasm. 

The  disease  is  caused  by  any  influences  that  depress  the  systeiu, 
•  See  Archives  of  Electrology  and  Neurology,  May,  1874. 
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In  children  it  may  arise  by  reflex  action  from  the  Irritatic 
or  of  worms  ;  in  adults  it  is  often  an  accompaniment  of  \ 
arises  from  diseases  of  the  sexual  organs. 

Treatment, — General  faradization  and  galvanization 
thetic,  and  external  galvanization  and  faradization  of  the  1 
of  the  methods  previously  described. 

ToboM  reports  success  with  peripheral  and  central 
this  disease.    A  strong  maiden,  23  years  of  age,  who  was  1 
Jarly  every  night  witli  severe  spasms  of  the  larynx^  was 
in  four  weeks  by  galvanization. 

Nervous  Cough, — Electrical  treatment  is  sometimes 
nervous  coughs  of  various  kinds.  External  faradization 
tion  or  central  galvanization  are  indicated. 

The  following  unique  case  may  as  well  be  inserted  here  j 


S/asmodic  caught   uniqut  in  character^  and  of  unuiual  p<rsiUe\ 
Recovery  under  central  gatvaMtsAtian, 

Case  CXCII. — Miss  H.,  agwl  16,  was  transferred  to  our  care  by 
timi.  Dr.  H.  H.  Gregory.  The  ta«<  is  an  example  of  sui  unuf^uolly  si 
iMgantzalion,  anil  is  a  guot.1  illu.stiation  of  the  readiiie>»  with  wliicli 
nervous  symptoms  change  their  seat  and  character.  The  distinct  anil 
that  btand  so  boldly  relieved  in  the  progress  of  tFiis  partiailnr 
plain  (he  more  subtle  and  less  marked  changes  of  symptoms 
certain  nervous  diatheses,  only  to  perplex  and  to  set  at  naught 
pcutics.  The  patient  was  a  lively,  impressible  girl,  prone  to  physi< 
and  careless  of  consequences.  She  had  suffered  for  a  number  of  y 
and  unusually  severe  attacks  of  sick- headache,  bat  as  soon  as  the  pans 
away,  she  rejjained  her  usual  strength  and  buoyancy.  Tlie  su<Ulcn 
death  of  a  sister,  naturally  enough,  stirred  up  her  emotional  nature 
together  with  an  iinprudciit  exposure  of  her  person  to  cold  and  dan 
be  the  exciting  cause  of  a  most  remarkable,  persistent,  and  distresdl 
slight  at  first,  reached  its  height  in  seventy  in  the  month  of  March, 
numberless  efforts  that  were  made  by  both  imemal  medication  and 
one  remedy  seemed  to  be  of  the  slightest  service  For  a  time  the  pj 
to  abate  somewhat  under  the  influence  of  chloral,  although  no  permi 
derived  fiom  its  use.  When,  during  the  latter  part  of  July,  %ire  fir 
through  the  kindness  of  Dr.  Gregory,  the  following  was  the  proniin< 
of  her  paroxysmal  attacks :  Every  one  will  instantly  recogniae  the  1 
grating  sound  which  is  so  often  elicited  by  the  downward  thrust  of  « 
projKjrly  handle<i  or  insufficiently  oiled.  The  cough  of  our  patient 
this  sound,  and,  when  it  fust  fell  apon  our  ean»  we  suppoied  that  ■ 
ing  in  the  adjoining  room. 

During  a  paroxysm,  the  expiratory  efforts  were  just  one  a  Kcond 
bava.  a  dozen  to  iixly  in  number. 

The  violence  of  the  attack  would  rack  hei  terribty,  and,  when  p 


HYPEIL«STIIESM. 


637 


by  ctMisiderable  exhaustion.     The  paroxysms  themselvM  occurred  so  often, 

ne  twenty  or  twenty-five  times  during  the  twenty-four  hours,  that  she  was  neccs- 
rily  obliged  to  give  up  all  attendance  at  places  of  public  resort,  and  confine  her- 
self  mostly  at  home. 

On  Account  of  our  absence  from  the  city  most  of  the  month  of  Au)j\ist,  the  pa« 
tJcnt  was  not  fairly  submitted  to  our  treatment  until  Scptcml)cr.  Wc  then  submitted 
her  to  a  ihorouyh  laryngoscopic  examinaiiun,  and  found  nothing  almonnal,  with  the 
exception  of"  a  slight  tendency  to  congestion  of  the  local  chords.  To  dissipate  any 
doubt  in  regard  to  the  existence  of  pulmonar)'  disease,  the  patient  was  thoroughly  ex» 
amined  by  Dr.  Austin  Flint,  who  pronounced  the  lungs  to  be  in  a  healthy  condition, 
and  agreed  as  to  the  essentially  nervous  origin  of  ihe  symptoms. 

In  the  treatment  of  the  case  by  central  galvanization  we  were  gratified  to  observe, 
after  the  first  few  tentative  applications,  an  appreciable  improvement  in  the  charac- 
ter of  the  cough.  Instead  of  that  harsh  and  painful  sound,  resulting,  as  we  believed, 
from  the  exceedingly  tense  condition  of  the  vocal  chords,  the  cough  assumed  a  softer 
or  looser  character,  and  was  much  less  disturbing;  ihiswc  conceived  dej>ended  on 
the  decreased  local  spa^motlic  action.  Freed  from  wearisome  details,  the  subsequent 
history  of  the  case  is  included  in  the  simple  stalement  that  the  patient  improved  from 
lime  to  lime,  until,  after  two  munths  of  treatment,  and  the  administration  of  some 
thirty-five  applications,  the  recovery  was  perfect. 

Two  years  have  now  elapsed  since  recovery,  but  the  patient  remains  well. 

In  the  case  of  a  young  girl  sent  to  us  by  Dr.  Learning,  there  was  a 
nervous  cough  that  perfectly  resembled  the  bvirkiiig  of  a  dog.  Laryn- 
goscopic  examinaiion  revealed  nothing  to  account  for  the  strange  symp- 
tom.    Kleclrical  treatment  accomplished  nothing. 

Hyperesthesia  of  the  Larynx. — Cases  of  this  disease  have  been  re- 
ported by  Gerhardt  and  Han  field  Jones.  They  may  be  either  constant 
or  intermittent.     The  following  case  is  quite  remarkable : 

Hyferajtfusia  of  larynx  with  nervotis  aphonia  of  one  yrar's  standing — No  viii* 
bit  lesion,  Otsi  slight  tuherculoiis  deposit  on  lung — Great  pain  from  talking — 
N0  Relief  under  central  and  local  galvanization. 

Case  CXCIII. — Miss  B ,  a  young  lady  from  Chicago,  was  referred  to  us  by 

Dr.  Johns*>n,  of  that  city,  December  16,  1S71. 

The  patient  was  of  a  delicate,  thoroughly  American  type,  but  no  more  nervous  than 
thousands  of  our  countrywomen. 

For  one  year  she  had  suffered  from  absolute  aphonia.  The  laryngoscopic  examina- 
tion of  Dr.  Johnson,  her  physician  in  Chicago,  and  of  others,  indicated  no  local  lesioa 
tiiat  could  well  account  for  her  symptoms  although  a  slight  tuberculous  deposit  of  « 

sivc  and  stationary  character  was  detected  by  Dr.  Clark  in  one  lung.  All  the 
ompanying  sjinptoms  pointed  to  a  nervous  origin  of  her  disease.  The  h)7>era:sthcsia 
jra^  very  remarkable.  The  patient  said  the  pain  from  whispering  was  so  great  that, 
••when  I  try  to  whisper  I  suffer  terribly,  become  dizzy,  and  liave  pain  in  my  ear."  "  I 
often  feel,"  she  continued,  "as  if  every  word  I  whispered  grated  on  the  vocal  cords, 
ami  to  laugh  would  make  the  tords  acAe,^'  Almost  contintially  there  was  pain  in  the 
throat,  and  on  this  account  her  n^ts  were  wakeful, 
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The  evidence  wa«  pretty  clear  that  the  nerves  supplying  the  larynx  w 
dition  of  great  hyperxsthesda,  producing  a  condition  analogous  to  vaginis 

In  Chicago  Dr.  Johnson  had  used  electrical  treatment,  with  a  view 
action  of  the  cord,  without  benefit.  Stable  galvanization  was  used,  ma 
view  of  calming  the  irritability  and  reducing  the  hypenesthesia,  but  wit 
In  about  a  month  the  patient  went  South  for  the  winter,  and  we  have 
since  that  time. 

One  amongst  other  interesting  points  in  this  case  is  the  clinical  proof  a 
nervous  connection  of  the  vocal  cords  with  the  meatus  auditorius  an 
tympanL  The  anatomical  explanation  of  the  phenomenon  recorded  I 
found  in  the  direct  communication  existing  between  the  auricular  nerves  (i 
by  Arnold)  and  the  sensitive  fibres  which  enter  so  largely  into  the  compt 
main  trunk  of  the  pneumogastrics. 

Anasthesia  of  the  Larynx. — This  is  an  affection  but  rarely 
It  would  be  most  likely  to  occur  from  injury  of  the  pneu 
nerves  of  their  laryngeal  branches. 

It  is  rational  to  suppose  that  anaesthesia  of  the  larynx  migl 
cessfully  treated  by  electrization  in  its  various  forms,  on  the 
ciples  that  this  morbid  condition  is  treated  in  other  parts  of  tl 
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CHAPTER  XXXII. 

DISEASES     OF     THE     EYE. 

For  two  reasons  the  diseases  of  the  eye  are  not  quite  as  amenable  to 
electrization  as  corresponding  or  analogous  diseases  in  some  other  parts 
of  the  body. 

First.  The  anatomical  position  of  the  eye  is  such  that  the  current 
cannot  be  directly  localized  in  some  of  its  parts ;  and  secondly^  the  ap- 
plication of  a  very  strong  current  is  sometimes  contra-indicated  by  the 
sensitiveness  of  the  conjunctiva,  and  the  possible  injury  that  may  be 
done  to  the  brain. 

For  these  reasons  paresis  and  paralysis  of  the  muscles  of  the  eye — 
the  conditions  of  the  organ  that  are  most  frequently  treated  by  elec- 
tricity— cannot  be  as  successfully  subjected  to  electro-diagnosis  or 
therapeutics  as  the  same  conditions  of  many  other  muscles,  although 
therapeutic  results  in  many  instances  of  a  decided  character  are  obtained 
from  electrization  of  the  paretic  or  paralyzed  muscles. 

The  principal  diseases  of  the  eye  for  which  electricity  has  been  em- 
ployed with  more  or  less  success  are  : 

Paralysis  of  the  Muscles j  Ptosisy 

Asthenopia^  Opacities  of  the  Cornea^ 

Retinal  Hyperasthesiay  Photophobia^ 

Amaurosis  and  Amblyopia^  Myosis  and  Mydriasis^ 

Spasm  of  the  Lid^  and  Neuro-retinitis. 

Electrization  of  the  Eye. — ^The  electric  current  affects  the  eye  both 
directly  and  through  reflex  action  from  the  fifth  pair,  and  also  through 
the  sympathetic.  As  has  been  stated,  the  anatomical  position  of  the 
eye  within  its  bony  cavity  makes  it  impossible  to  reach  all  its  parts  as 
directly  as  could  be  desired  ;  while  the  exceeding  delicacy  of  its  struc- 
ture makes  it  at  least  very  difficult  to  make  the  applications  imme- 
diately to  the  conjunctiva. 

The  eye  may  be  electrized  in  a  general  way,  in  asthenopia,  for  ex- 
ample, by  pressing  one  large  positive  electrode  over  the  closed  eye, 
and  the  other  at  the  occiput  or  by  the  side  of  the  head  above  the  cheek- 
bone ;  or  one  of  the  electrodes  may  be  held  in  the  hand.  When  it  is 
desired  to  produce  chemical  changes  in  the  eye  this  stable  method  of 
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application  may  be  used  for  some  time.     Placing  the  po^ 
the  forehead  or  in  the  auriculo-maxillary  fossa,  the  su/frit 
be  excited  with  the  negative  pole  on  the  upper  and  inn< 
orbit ;  the  inferior  oblique  and  rectus  internum  near  the  ii 
the  eye  on  the  side  of  the  nose  i  the  rectus  externus  at  thi 
of  the  eye ;  the  rectus  superior  at  the  upper  part,  and 
ferior  at  the  lower  part  of  the  eyeball.     Galvanization  of 
interrupted  currents  to  atlect  the  muscles  should  usually 
stable  or  labile  faradization  with  large  electrodes  may 
Dtade  for  a  much  longer  time — three  to  ten  minutes. 

Paresis  (exhaustion)  or  paralysis  of  the  muscles  of  the 
Iroin  cerebral  lesions,  or  may  be  of  a  peripheral  character, 
ataxia  is  frequently  preceded  or  accompanied  by  disordc 
dcs  of  the  e}'e. 

For  the  (HUpose  of  affecting  the  muscles  of  the  eye  the 
rem  is  ttgaalljr  superior  lo  the  faradic     A  small  number 
ten  to  fifteen,  arc  ustudly  sofficient     Galvanization  of  th) 
dKMild  also  be  tried  in  those  cases  that  are  supposed  to 
origin.      Short  trratroents,  from  one-<iuarter  of  a  minute 
minutes,  are  preferable  to  longer  applications.     In  thi 
protracted  stances  not  unfrequently  do  injury. 

Here,  as  elsewhere,  the  sensitiveness  of  the  patient  and 
each  case  are  [jerhaps  the  best  guide.     And  yet  it  is  al 
cautious  in  the  first  application.     In  diseases  of  the  cyi 
pans  of  ihc  honly,  we  meet  with  exceptional  cases  that 
be  bcnctiied  by  very  protracted  applications  of  mild  gal 

The  unfortunate  accident  that  happened  to  Duchen 
struction  of  the  sight  of  a  patient  immediately  after  galvi 
much  for  a  time  to  retard  the  clectro-therapeulics  of  \ 
accident,  however,  has  never  been  repeated,  although  the 
peutists  of  the  present  day  galvanize  the  eye  and  the  br 
freedom. 

Localized /flr<7^/«d//<?«  has  been  somewhat  successful 
ment  of  paralysis  of  the  muscles  of  the  eye  in  the  han( 
Soclberg  Wells.f  and  Althaus.J  Althaus  has  succeeded 
die  current  after  failure  with  the  galvanic.  The  current 
trodc  is  very  convenient  for  the  treatment  of  paralysis  of  I 
the  eye. 

Prognosis  in  Paralysis  of  the  Muscles  of  the  Eye. — 'Dxk 

•  Op.  dt.  p.  378.       f  Dbeases  of  the  Eye,  1869,  p.  568.       X  0( 
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paralysis  of  the  eye  that  depends  on  cerebral  lesions  is  usually  unfavor- 
able. Cases  that  arise  in  the  early  stages  of  disease  of  the  brain  or 
spinal  cord,  as  locomotor  ataxia,  and  early  syphilitic  cases,  offer  a  good 
prognosis,  though  tliey  are  disposed  to  relapse. 

Peripheral  cases,  when  taken  in  the  early  stages,  have  a  very  favor- 
able prognosis,  but  not  so  with  cases  that  are  long  standing. 

Benedikt,  speaking  of  the  prognosis  in  cases  of  paralysis  of  the  eye, 
declares  that  of  eight  cases,  from  various  causes,  that  were  sent  to  him 
by  Wecker,  of  Paris,  in  seven  there  was  immediate  improvement.* 
The  same  writer  states  that  when  the  absolute  excursive  capacity  of 
the  pupil  is  Utile  altered,  but  double  vision  is  present  in  a  great  part  of 
the  visual  field,  the  prognosis  is  unfavorable. 

In  some  cases  improvement  follows  early,  after  one  or  two  sittings, 
or  during  the  midst  of  the  sitting ;  in  other  cases  not  until  ten  or 
fifteen. 

The  tendency  with  patients  and  physicians  is  to  abandon  treatment 
in  paralysis  of  muscles  of  the  eye,  without  giving  it  a  fair  trial.  They 
certainly  demand  as  long  treatment  as  analogous  affections  in  other  parts 
of  the  body. 

Paresis  of  the  left  internal  rectus  muscle — Immediate  improvement  under  localised 

faradization. 

Case  CXCIV. — Mr.  M.B.,  with  paresis  of  thelefl  internal  rectus  muscle,  wassent 
to  us  by  Dr.  C.  R.  A^ew  for  electrical  treatment.  The  first  symptoms  of  the  difficulty 
dated  some  months  l)ack,  just  after  his  return  from  the  West,  where  he  had  been 
subjected  to  unusual  fatigue.  A  powerful  current  (faradic),  localt«d  as  nearly  as  pos- 
able  in  the  afTected  mu-scie,  very  markedly  relieved  the  heaviness  of  the  eyelid,  and 
immediately  improved  the  sight. 

For  over  a  month  the  patient  had  been  able  to  read  only  imperfectly  and  with  dif- 
ficulty, while  an  hour  previous  to  the  electrical  treatment  it  was  found,  on  trial,  at 
Dr.  Agncw's  office,  that  he  was  utterly  unable  to  decipher  newspaper  print. 

Immediately  after  one  application  the  patient  could  read  the  fine  print  of  the 
Herald  with  ease,  and  in  a  day  or  so  a  note  from  Dr.  Agnew  informed  us  that  the 
rision  of  the  patient  had  increased  from  one-tenth  to  one-half,  and  that  the  internal 
feettu  had  gained  seventy,  tested  by  prisms. 

Paralysis  of  Ike  ahducens  of  both  eyes — Double  vision  ten  months  standing — Passible 
syphilitic  origin — Recovery  under  localized  galvanitation  and  iodide  of  potassium 
— Relapse. 

CaseC-KCV.— Mr.  R.,  aged  46,  was  referred  to  us,  May  1,  1874,  liy  Dr.  Rushmore. 
Patient  complained  of  double  vision — health  otherwise  good.  Dr.  R.'s  diagnosis 
was,  paralysis  of  aMucens  on  both  sides,  and  as  the  patient  had  suflfered  from 
fyphtlb  sixteen  years  before,  iodide  of  potassium  was  given. 


41 


•  Op.  cit..  p.  292. 
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For  three  months  this  treatment  was  kept  up  with  but  little  ia 
began  treatment  by  localised  galvanization,  using  strong  intemip 
pole  at  the  external  angle  of  the  eye,  and  the  other  on  the  temple, 
the  neck  and  continued  this  treatment  twice  a  week  for  one  mooti 
provement.  About  June  i  improvement  began,  and  by  June  2« 
emphatic,  so  far  as  double  vbion  wa$  concerned  ;  dimness  of  vision 

The  |iaticnt  continued  the  iodide  of  potassium  at  the  same  time 
treatment,  and  it  is  clearly  impossible  to  ditfcrentiate  with  certaint] 
two  remedies ;   but  inasmuch  as  the  iodide  of  potaisium  had  beea 
very  faithfully,  without  effect,  it  is  exceedingly  probable,  to  say  I 
recovery  was  largely  due  to  the  electrical  treatmeat.  The  patient  sab 

The  following  are  some  of  Benedikt's  ♦  cases  : — 

*'  Burggraf,  Johann,  aged  23  (Aril's  cliniqne,  April  22d,  1S64), 
seiwd  with  double  vision  fourteen  days  previously.     Paralysis  of 
preceded  by  violent  pains  in  the  head  for  eight  days.     Recovery  t 
ment  in  mx  sittings. 

"  Meyer,  Anlonia,  aged  55,  laborer  (Arlt's  dtntqtie.  Sept,  18, 
for  thrre  days  from  double  vision,  paresis  of  the  right  abduceas. 
deficient  by  one  line.     There  was  double  vision  in  the  larger  half 
After  nine  sittings  the  excursion  was  normal.     Double  vision  in  tl 
of  the  visual  field.     Entire  recovery  after  twenty  sittings. 

"  Mako,  Barbara,  aged  24  (Arlt's  clinique,  Jan.  29,  1S63).  suflera 
from  complete  paralysis  of  all  the  branches  of  the  oculo-raotorim 
weeks  the  paralysis  was  removed,  and  the  patieat,  although  he 
viMon,  left  the  hospital. 

*'  Isolated  Mydriasis. — Rentier,  aged  40,  suffered  from  mydrui 
accommodation  on  the  left  side.  After  two  local  treatments  the  m] 
It  relapsed  after  a  coitus,  but  was  finally  entirely  healed  in  twelv 
roained  healed  for  several  yean," 

Asthenopia. — Asthenopia  may  depend  on  an  absolute 
ficiency  of  energy  in  the  tnuscle  of  accommodation  ; 
recti.     It  is  accompanied  by  hyperaesthesia  of  the  rcl 
nerves,  f     Of  these  two  forms,  the  accommodative  an< 
accommodative  is  the  more  frequent.     The  marked  effi 
the  tone  of  exhausted  muscles  in  other  parts  of  the  bod 
electrization,  would  lead  us  to  suppose  that  asthenopia 
fited  by  passing  either  the  faradic  or  galvanic  current  thi 

In  quite  a  number  of  cases  of  weakness  of  eye  with 
that  have  not  been  accurately  recorded,  we  have  obtain^ 
rapid  results,     For  those  very  numerous  cases   of 

*  Op,  cit.,  p.  297  ct  seq. 

\  SteUwag,  Treatise  on  the  Diseases  of  the  Eye,  translated  \ff\ 
Roosa,  p.  6a2, 
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leverdy  if  used  even  for  a  little  time  before  breakfast,  or  at  twilight, 
oc  in  reading  fine  print,  or  doing  fine  needlework,  or  from  exposure  to 
glarng  light :  that  perhaps  are  annoyed  by  musca  volitantcs  and  by 
neuralgic  pains  in  or  near  the  eye,  and  yet  in  which  ophthalmoscopic 
cutniQation  reveals  no  lesion — for  such  cases  raild  labite  faradisation 
for  five  or  ten  minutes  through  the  eye  with  the  positive  pole,  cither 
with  a  moistened  sponge  or  the  hand  of  the  operator,  while  the  nega- 
tive is  at  the  back  of  the  neck  or  in  the  hand  of  the  patient,  is  certainly 
s  most  agreeable  and  efficacious  remedy.  Stable  galvanization  is  also 
nstfiji  in  the  same  condition.  Cases  of  this  kind  that  are  associated 
with  general  feebleness,  with  hysteria  and  dyspepsia,  are  sometimes 
much  benefited  by  general  faradiialion  even  when  the  eye  receives  no 
local  treatment  whatever.  The  tind^  aching  tye  is  both  temporarily 
rested  and  relieved  after  each  sitting,  and  permanently  strengthened  by 
continued  treatment.  In  such  cases  electrization  does  for  the  eye  what 
It  does  for  the  stomach,  or  larynx,  when  they  are  in  a  condition  of 
fatigue, 

Tf  believe  that  electro-therapeutics  promises  more  for  asthenopia^ 
*''M  hyperastliesia  of  the  retina^  than  for  any  other  disease  of  the  eye, 

From  the  known  effects  of  electrization  on  neuralgic  and  muscular 
Weakness  of  other  parts  of  the  body,  it  would  certainly  appear  that 
asthenopia,  even  in  its  severe  phases,  might  also  be  successfully  treated 
'*f  the  same  agent.  The  subject  is  worthy  of  the  earnest  attention  of 
''I'hlhalrnologists. 

^htno^a  of  two  year f  standing — Rapid  improvement  under  localiud faraditatitn, 

^AseCXCVI. — Mr.  L.,  a  student,  aged  25,  was  referred  to  us  by  Dr,  Loring. 
^  pwient  had  for  two  years  been  afflicted  with  exceeding  weakness  of  sight,  and 
•or* long  time  was  unable  to  read  more  than  a  minute  or  two  without  discomfort. 
Tune  aiui  rest  had  afforded  slight  relief,  so  that  he  now  found  it  possible  to  read 
^<i«ylight  some  eight  or  ten  minutes;  by  gaslight  he  could  not  read  at  all.  A  mild 
•^"^ce  of  localixed  faradimtion  was  essayed,  with  the  result  of  markedly  increasing 
'■eurenglhof  vision.  Similar  applications  were  repeated  some  dozen  limes,  with 
'"«  n»ost  happy  effect,  and  when  last  seen  the  patient  was  aUe  to  read  an  hour  with- 
"""  Jcrious  discomfort. 

A  second  case,  sent  soon  after  by  Dr.  Loring,  received  equal  benefit. 

**  fOtt  Hmilar  t9  the  above— jm^aves  mttre  readily  under  gahianitation  than 

faraditation. 
CASiCXCVn.— A  case  similar  in  its  symptoms  to  the  above,  and  of  as  long 
•binding,  that  was  sent  to  us  by  Dr.  Roosa,  was  lubrnittedi  to  localired  faradization, 
*ith  some  benefi  .     Localized  gal  van  ial  ion,  however,  with  an  excectlingly  feeble 
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carrcnt,  proved  of  greater  service^  aind  tSter  a  month  of  trextment  ( 
able  to  read  ordjnary  print  for  over  an  hour  coatinuously,  without < 
dttcomfort. 

AMtkgmtfia  c/an  aggravated  character  and  of  two  years'  jtanJtng — t 
try  under  twelve  applications  of  localized  far  aJiZAtian,  I 

Case  CXCVIII. — The  most  satisfactory  result  that  we  have  to  record  i 
.  meat  of  asthenopia  was  in  the  case  of  a  lady  aged  60.     For  two  years  : 
a  constantly  decreasing  strength  of  vision,  associated  with  a  local  irrita 
dnded  any  attempt  at  continaous  use  of  the  eyes.      Finally,  so  weak  1 
heeoine  that  she  found  it  utterly  impossible  to  read  or  sew,  or  in 
Irate  her  sight  for  a  moment  without  suffering  pain  and  obscuration  < 
was  treated  wholly  by  localised  faradization — the  tips  of  the  fingers  i 
as  electrodes 

But  atKnit  twelve  applications  were  given,  with  the  result  of  ( 
■MBenl  recovery.  During  the  ihree  years  that  have  elapsed  since  I 
eyesight  has  remained  perfectly  strong. 


Amblyopia  and  Amaurosis. — Arablyopu.  is  now  underlie 
disorder  of  vision  dependent  on  disturbance  of  the  circulal 
araatirosis  is  to  be  regarded  as  a  symptom  of  atrophy 
nerve. 

For  some  of  these  conditions  electrization  may  be 
vantage. 

A  strong  encouragement  for  a  faithful  trial  of  electric 
cases  is  that  various  degrees  of  impairment  of  vision, 
blindness  through  the  lower  grades,  have  been  sometimes  tnoi 
fully  treated  by  physicians  and  charlatans,  with  diverse  methi 
catioo.     De  Saussure  cured  a  case  of  amaurosis  by  static 
Lesuetir,  Magendic,  and  Person,  successfully  used  faradii 
same  cases. 

What  is  now  needed  is  a  careful  and  persevering  trial  i 
tion  and  faradization  in  cases  of  amblyopia  and  amatiros 
rate  ophthalmoscopic  examination. 

Spasm  0/ the  Lid  {BUpharospasm), — For  spasm  of  the  //: 
and  orbicularis  palpebrarum,  faradization  or  galvanization 
for  the  same  reason  that  it  is  indicated  in  torticoUis>  facia 
spasm  of  the  glottis. 

The  method  of  application  is  the  same  as  that  prescril] 
nopia. 

Prognosis. — Recent  and  mild  cases  recover  rapidly.     1 
cases  arc  sometimes  very  obstinate,  but  even  these  axe 
lieved  for  a  lis  lited  time  after  each  silting. 


OPACITIES  OF  CORNEA  AND  VITREOUS  HTJMOR. 

Shgkt  tpatmodic  twite  hi  Mgs  of  the  lid — Recovery  untUr  faradisation. 

Case  CXCIX. — A  iady  had  been  troubled  with  an  affection  of  the  left  eye  that 
I  Rquired  surgical  treatment  j  was  talcen  with  slight  but  disagreeable  twitchings  of  the 
d  of  the  other  eye.     The  twitching  was  so  ilight  that  it  could  be  seen  by  on  observer 
nljr  with  difficulty. 

Under  faradisation  with  a  mild  current,  the  negative  pole  being  held  in  the  hand  of 
F  patient,  and  the  positive  being  applied  by  gentle  passes  over  the  lid,  reooyery 
c  pUce  in  «  short  time. 

pf  the  orbicularif  palpebrarum  of  long  ttanding — Some  temporary  but  no 
Permattent  benefit  from  faradizatioH  and  galvaniiotioH. 

Casb  CC. — Rev.  Mr.  B.  was  referred  to  us  by  Dr.  C.  R.  Agnew  with  severe 
of  the  orbicularis  palpebrarum  of  the  right  side ;  the  general  health  of  the 
at  was  otherwise  good.  Faradization  and  galvaniEalion,  faithfully  used  for  a 
nber  of  sittings,  in  the  manner  described  in  the  case  preceding,  were  only  of 
nporary  benefit. 


OfoiitUs  of  the  Cornea. — The  electric  currents  have  been  employed 
with  more  or  less  success  for  opacities  of  the  cornea  for  many  years. 
Cases  have  been  reported  by  Isiglio,  Quadri,  VV^illebrand,  Tiirck,  and 
Graefe.     Recently  this  method  has  been  but  little  employed. 

The  galvanic  current  would  be  more  indicated  than  the  faradic.  Ex- 
ternal or  internal  applications  may  be  used. 

In  a  case  of  opacity  of  the  cornea,  resulting  from  herpes  ophthalmi- 
cus, sent  to  us  by  Dr.  Prout,  there  was  a  very  decided  clearing  up 
under  a  protracted  use  of  the  negative  pole  of  the  galvanic  current 
applied  to  the  closed  lid,  and  a  part  of  the  time  directly  to  the  conjunc- 
tiva, which  had  been  rendered  anaesthetic  by  the  herpes. 

Opaeities  of  the  Vitreous  Humor  —  Keratitis. — Le  Fort  and  Camus 
report  interesting  and  retnarkable  results  in  the  treatment  of  opacities 
of  the  vitreous  humor  by  the  galvanic  current.  The  applications  were 
made  with  one  pole  over  the  closed  eyelid,  and  the  other  in  the  auri- 
culo-maxillary  fossa,  to  affect  at  the  satne  time  the  nutrition  of  the  eye 
through  the  sympathetic  In  some  of  the  cases  the  opacity  was  asso- 
ciated with  or  resulted  from  keratitis. 

/%<7/tf//i^^Vr,— Photophobia  is  a  symptom  of  so  many  different  patho- 
logical conditions,  that  the  cases  of  cure  or  relief  obtained  in  it  by  the 
electric  currents  are  of  comparatively  little  value.  It  very  frL-quently 
<^epends  on  the  diseases  of  the  conjunctiva  and  cornea.  Hcwson 
reports  the  cure  by  galvanization  of  thirty-two  cases  of  photophobia  de- 
pendent on  scrofulous  inflamrnaiion  of  the  cornea  in  children.  From 
une  to  tlu-ee  applications  were  sufi5cicnt. 
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STRABISMUS.  647 

Cask  CCIL— A  little  girl,  aged  8,  had  for  two  years  been  afflicted  with  strabismus 
divergent. 

The  faradic  cnrrent  was  as  nearlj  as  possible  localized  in  the  faulty  muscles,  and  at 
the  same  time  the  body  of  the  eye  was  submitted  to  gentle  treatment. 

Improvement  became  manifest  after  a  few  applications,  and  in  the  course  of  two 
months  ended  in  recovery. 

Cass  CCIII. — In  the  case  of  a  babe  of  18  months  who  had  shown  symptoms  amilai 
to  die  above  some  three  weeks  previously,  it  required  but  a  single  application  of  the 
fiuadic  current  to  dissipate  the  trouble. 

Caiaract — ^The  attempt  to  dissolve  cataract  by  galvano-puncture  has 
been  made  by  Crussel,  with  the  result  of  inflammatioii  and  destruction 
of  the  eyeball.  It  is  stated,  however,  by  Graefe  *  that  applications  of 
die  negative  pole  of  a  galvanic  current  have  been  successful 

Among  other  diseases  of  the  eye  in  which  electricity  may  be  tried 
oq>erimentally  with  the  hope  of  greater  or  less  success,  are  anctsthesia 
tftUa,  and  nystagmus. 

*  Deutsche  Klinik,  1852,  p.  445 — quoted  by  Althans. 
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DISEASES      OF      THE      EAR. 

The  diseases  of  the  ear  are  less  amenable  to  treatment  | 
than  analogous  diseases  in  most  other  parts  of  the  body, 
toraical  position  the  internal  ear  is  even  more  inaccessible 
and  even  the  parts  which  can  be  brought  more  directly  un< 
cnce  of  electrization,  as  the  middle  ear,  the  membrana  t 
external  auditory  canal,  can  bear  only  feeble  currents.  H 
there  is  no  branch  of  electro- therapeutics  where  there  has  b6 
eral  disappointment  both  among  aurists  and  clectro-therap 
diseases  of  the  ear. 

The  morbid  conditions  of  the  ear  for  which  eleclrizatii 
found  of  some  service  are  subacute  and  chronic  injfam 
drum  and  middle  ear,  nervous  dea/ness,  and  tinniius  aurtt 

Experiments  on  the  ear  were  made  quite  early  in  the  hi 
tro-therapeutics. 

Brenner  *  gives  the  following  bibliography  of  this  dep; 
early  part  of  the  xjresent  century : — 

AuGUSTiN —  V^rsuch  einer   Gtschkhtt  der  gahranisckfn  EUktricitSi 
mtdUiniscfuH  AnwcnduHg,  Berlin,  tSoi  (this  work  contains  a  quantitatjw 
in  the  working  of  both  poles  on  the  nerves  of  heariog) ;  also,  V'cm  d 
deiien  AnwenJung,   iSoi,  by  the   same  author. — Merzdorjt — (, 
Okrensauiens  dttrck  den  Galvanischen  Strom,)  ^rr  GR.APENGIESSEK, 
and    132, — Flies — {GalvaHo-theraptutiscke  Verstwke,)  Ebendas., 
252. — Stellwag — Uther  Galvanismuj,  Hamburg,  1802  (this  work 
deafness). — Struwe — System  der  Mtduinischen  Elektruitdt  mit  R\ 
Calvanismus,  1S02. — Wolke — Nathricht  wnden  su  yever  durch 
iaische    Gehorgebekunst  begltiekten    Taubstummen,  etc     Osnobriickg' 
tens'  Tlurapeutische  Anwendung  des  Gaivanitmus,     1S03. 

It  was  natural  that  attempts  to  cure  diseases  of  the  ' 
made  thus  early  in  the  history  of  electro-therapeutics, 
time  there  was  scarcely  any  other  method  of  treatment 

*  Untersuchongen  und  Beobochtangen  aof  dem  Gebiete  der  Ele 
I  Abth.,  1S6S,  p.  40. 
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There  are  two  general  methods  of  electrizing  the  car — inUrnal  and 
external. 


Fig.  144, 

Ititernat  mfthod of  electritationof  the  ear  iDuchenne).  A,  auricle:  B,  external 
I  anditory  canal;  C,   handle  of  electrode;  D,    flexible  wire;    E,    rubber  speculum; 

F«  ossicula  in  middle  ear;  G,  mouth  of  tube;  H,  auditory  nerve  in  inner  c«rj  I, 
'  inferior  half  mcmbrana  tympani;  J,  external  muscle  of  hammer;  K,  internal  muscle 

of  hammer. 

The  flexible  wire  cam  be  pressed  in  toward  the  diiim  and  then  al- 
lowed to  spring  back.  The  external  auditory  canal  is  very  sensitive, 
and  only  mild  currents,  or  currents  quickly  interrupted,  will  be  borne. 
The  other  electrode  may  be  placed  in  the  hand  of  the  oiiposite  side,  or 
at  the  mouth  of  the  Eustachian  tube,  by  means  of  a  tnetallic-pointed 

\  tosulated  catheter.  It  is  an  advantage  before  making  the  application 
to  partly  fill,  or  at  least  to  moisten,  the  ear  with  warm  salt  water,  since 
thereby  the  conduction  is  much  increased.     The  water  should  be  warm, 

I  because  cold  water  is  not  well  borne  in  the  ear. 
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MxHrwti  MMotL—Thc  best  external  method  of  electr 
mv^  frta  tk€  cUctrode  jirmly  on  the  tragus,  the  other  el 
bild  as  bdbre,  in  the  hand  of  the  opposite  side.     The  e; 
ttbd  vtlh  wana  salt  water,  although  this  is  not  necessary. 

We  have  osed  this  method  for  several  years  with  both  the 
fi»banic  cmrents,  and  prefer  it  for  all  cases  except  when  it 
midtneify  0H  the  inflamed  surfaces  of  the  drum,  or  middU 
6r  less  painful  and  more  satisfactory  than  the  internal  roeth 
be  used  on  the  most  sensitive  children,  who  would  rebel  aj 
tenial  method,  however  skiLfully'perfomied. 

The  sitting  should  not  usually  be  more  than  five  or  ten 
in  seme  cases  much  shorter  applications  should  be  uset 
wtaea  the  galvanic  curreat  is  used. 

The  dcctro-physiology  of  the  ear  has  already  been  desa 
soBtiaii  on  Electro-Physiology. 

SUdn^-Viagmssis, — The  electro-diagnosis  of  diseases  of 
becA  apcdalijr  studied  by  Brenner. 

The  leadfaig  idea  of  this  observer  *  is  that  the  reaction  of 
MTV*  /Jr  tkt  saixstnu  current  is  variously  changed  by  patk 

Thft  Qoami  S»wxla  has  already  been  given.     (See  £1 

The  dificallMs  n  the  pcactical  application  of  this  metho< 
(S^pHlstt  an»  vccY  great.     The  normal  formula  can  be  obt; 
AoataiftpropiMtzaa  of  esses,  and  then  oftentimes  by  painitiT 
|^«K. «theft  we  obtaxa  apixirent  deviations  from  the  normal 
«»«Be  oyi  •hKqrs  ssre  just  what  such  deviation  indi< 
^pacM4  pthnicny  or  na  thcfapeutics. 

Ckamft*  oi  XAr   ftiirflww   of  the  Auditory  Nerve  in 
[  cases  the  normal  formula  may  urn 


dMi^es  in  the  reactions  that  appear  in  diseases  of  X 
umkr  die  following  heads  :  f 

»/  the  nen^Cy  so  thai  it  reacts  to  a  i 
oc  reacts  longer  or  more  powerfully.     This  i 


( and  Elektropathotogie  des  Nervus  tcasttc 
IeL  4»  n-  s^     «86j.       Also,  Wcitere  MittheilungtnJ 
....^C*  >(eiL  Z«itschr.,  Bd.  5.  p.  35,  1S63.     Aad 

ai^nakMfM  and  Beobadatimgea  auf  deia  Ceb 

.  i%x  et  icq. 
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nple  or  complicated  with  qualitative  change  in  the  formula,  or  with 
paradoxical  formula  in  the  ear  not  experimented  on,  or  with  morbid 
subjective  sensations  of  hearing. 

2.  Change  in  the  formula  of  reaction  without  hyperesthesia.  These 
changes  are  either  in  inversion  of  the  normal  formula,  or  deviations  of 
various  kinds. 

3.  Torpor  of  the  nerve  {anasthesia)^  so  that  it  does  not  react,  or  only 
to  a  stronger  current  than  normal. 

Illustrative  Pathological  Cases. — Brenner  gives  the  following  illustra- 
tion of  hyperzBsthesia  in  a  case  of  chronic  catarrh  of  the  middle  ear,  on 
both  sides,  with  difficulty  of  hearing,  much  tinnitus. 

The  reaction  was  as  follows : 

XX  90  Ka.S.K'. 

KsuD.K-   OP 
Kii.0 — 
A.S.   — 
A.D.  — 
A,0.k.> 

In  another  case,  where  there  was  great  difficulty  of  hearing,  with 
tinnitus,  that  had  existed  for  three  years,  and  demonstrable  anatomical 
changes,  but  in  which  a  central  disease  was  suspected,  the  reaction  was 
as  follows  :* 

XX  so  K*.S.K'. 

Ka.D.K. 

Ka,0.— 

A.S.— 

A.D.^ 

A.O.k.> 

Other  cases,  illustrative  of  changes  of  various  kinds,  we  give  below  j— 

Qualitative  change. — A  Hypermsthtiia  with  in-  Hypersesthesia.  with  pa- 
Uborer,  30  years  old ;  in-  version  of  the  nor  mat  ra;t1oxical  sensations  in  car 
formula.^ — A  lacly  of  60; 
absolute  deafnews  in  left  ear ; 
drum  depressed,  thickened 
and  opaque, 
6  El.  Ka.— 

Ka.D.— 

Ka.O.Pf.  > 

An.S.Pf. 

An.D.Pf.   00 

A11.O.— 


teiligenl  ;  dcaXncss  and  tin- 
nitus  on   lx)th   si<les  from 
childhood ;     drum    cloudy 
and  thickened. 
XioolCa.S.K. 

Ka.D.K.  e» 

Ka.O.— Rattling. 

A,S. 

A,D.  "   00 

A.O.K.> 


not  treated.^ 

Ear  treated. 

XX  iooKa,S.K'. 
Ka.D.K.  oe 
Ka.O.  -^ 
A.S. 
A.D. 
A.O.K'.> 


Ear  no! 
treated. 


•Op.  cit,  pp  90,  191. 

f  Erb  in  Archiv  Ophth.  and  OtoL,  voU  L,  No.  r,  p.  27a. 

I  Brenner,  op.  cit..  Band  i.,  p.  205. 
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Illmstraiiv*  and  typical  aitt  of  in- 
v*rnoH  of  thi  normal  fcrmula,  *  —  An 
officer.  26  years  old  ;  from  his  childhood 
completely  deaf  in  left  car  ;  no  tiniiilus  ; 
00  demonstrable  change  in  drum  ;  only  a 
pale  color  ;  right  ear  normal. 


Electric  aaminadon  of 
fVcht    (heslihyj     ear 
Cives      ihift    HfrmtsJ 
fnrmula. 
IX  Ka.SK'. 
Ka.D.k.  > 
Ka.O.  — 
A.S.— 
A.D. — 
A.O.k, 


Electric  cxamuution  of 
left      (iliMated) 
give*    the    battrud 
fbmuita. 
IX  KaS.  - 

Ka.  D.  — 

Ka.O.K. 

A.S,K. 

A.D-IC  > 

A,0. — 


ModijicaUan  ej  tJke 
without    AyffTiZsthtna, — A 

years ;  old  difficulty  of 

ears;  no  tinnitus;    sonse  di 

drums. 

Right  Ea«  :— 

XX  500  KaS.— "  Chirping 
Ka,D. 
Ka.O. 

A.S.     — Roaring 
A.D.  *•         tbM 

A.O.     — Indefinite  M 
Left  ear  gave   same  foi 

that  Ka.O.  gave  a  short  and 

ing. 


The  above  case  of  the  officer  Brenner  regards  as  of  a  s\*tai 
The  patient  was  examined  by  a  nnmber  of  auiists,  and  the 
of  the  normal  formula  in  the  diseased  ear  was  decided. 

The  following  exjjeriiiients  were  made  by  one  of  the  authfl 
work  on  himself     The  right  ear,  on  which  the  experiment 
has  for  twentylWe  years  been  affected  with  chronic  inllamtnil 
the  middle  car.     The  drum  is  cloudy,  the  tube  pervious,  and 
ing  distant ;  at  times  he  had  been  troubled  with  tinnitus,  but 
time  of  the  experiment.     The  objective  examination  of 
made   by  Dr.   D.   B.  St.  John  Roosa,      The    experiments 
in  detail,  because  they  illustrate  a  number  of  the  i>eciiJiariti 
to  the  galvanic  reaction  of  diseased  ears,  and  the  difficukies 
plications  that  attend  the  investigation. 

The  internal  method  was  used  : 


iz  EL  Ka.S.— NoreactioBi 
Ka.D.— " 
KjlO.— " 
An.S.  — " 
An.D.— " 
An.O.— •• 
Feeble  flaUies  of  light  y 
The  rumbling  of  a  <lisiant 
moment  was  mistaken  for 
closing  reaction, 

•  BrauMt,  L  c,  p.  219. 
f  In  Older  to  prevent  deception  on  this  pobt,  the  finger  was  pressed  < 
Mkd  ftwad  to  produce  the  tarae  apfMrent  sensation  of  rumbling. 


ID  Stohrcr's  El.  Ka.S. — No  reaction. 

Ka.D. — Some  rumbling, 
made  evidently  by 
pressure  of  electrode,  f 

Ka.0. 

An.S. — No  reaction. 

An.D.— "        " 

AnO.— "        " 
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i  EL,  Kx&— No  reatdon, 

Ka.D. — Htsfiing  in  the  other  ear;  (pandoucal  reaction). 
Ka.O.^SAme  for  a  inotDcnL 
AilS. — Hissing. 
An.D. — Samc.> 

A11.O.— No  reactioo,  bat  hisstng  b  other  ear. 
[Stronger  flashes  of  light;  dizzisess;  sabjecdve  sounds  b  ears  for  some  mbntcs 
r  treatment. 


ao  EL  Ka,S. — Slight  roaring. 
JU.O.> 

Ka.O.— No  reaction. 
An.  S.— Loud  tussing  (seething), 
An,D. — Same.> 
An.  O. — No  reaction. 
\  Considerable     pain      in    ear ;      mach 
flashes   and  dizziness;    metallic 
tmste;    burning    in   wrist   of    the    hand 
holding  cathode. 

The  rheostate  was  now  brought  into 
use. 

24  £1.  K.S. — Low  rambling  and  hissing 
in  other  car  ;  very  great  pain  ; 
perspiration   on     forehead,    and 
muscular  contractions. 
Ka,D. — Same,  oq 
Rheostate — 100 — Same  roaring. 
200—    •• 
300 — Less        " 
400—  "  •* 

500—  ••         "  leas  pain. 


Rheostate— 600— Same  roaring. 
700—    *'         " 
800—    ••  " 

900—    "  «*  still  pain, 

I,O0(>— Mndi  less  roaring,  and 
hissing  in  other  ear  much 
less. 
Ka.O, — No  reaction. 
The  anode  reaction   with    the    resi^ 
tances  of  the  rheostate  was  as  follows : 
An.S, — Very  loud  his^sing. 
An.  D.  00  and  flow  of  saliva. 
Rheostate — io(^V erj  loud  hianng. 


Concerning  the  above  case  it  may  be  remarked  : 

X.  The  deviation  from  the  normal  formula  was  unmistakable.  The 
anode  reaction  was  very  decided,  there  was  no  possibility  of  a  mistake. 
The  chief  difficulty  was  with  the  cathode.  A  low  rtimbling  or  roaring 
was  all  the  reaction  that  could  be  obtained  with  Ka.S.  or  Ka.D.  and 
that  only  when  many  elements  were  used. 

2.  The  accompanying  phenomena — dizziness,  pain,  contractions  of 
the  facial  muscles,  metallic  taste,  flow  of  saliva,  perspiration  on  fore- 
bead,  burning  and  contraction  of  the  muscles  of  the  hand  holding  the 
electrode — were  present,  but  did  not  interfere  with  the  observation  of 
the  reaction  of  the  nerve.     It  is  just,  however,  to  remark  that  this  in. 

osed  in  this  CKperiment  had  no  current  reverser,  consequently  it  was  necessary  to  con- 
tinually move  the  electrode  to  and  from  the  tragus. 
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casionally  been  acconrplished  by  uneducated  empirics,  who  have  treated 
all  forms  of  disease  of  the  ear,  from  inspissated  cerumen  to  disease  of 
the  auditory  nerve,  by  some  unscientific  and  uniform  method  of  faradi- 
zation. 

Duchenne  reports  one  case  by  faradisation  of  hysterical  deafness 
of  many  months'  standing ;  one  caused  by  quinine  ;  one  consecu- 
tive to  an  eruptive  fever ;  one  following  measles ;  one  of  twenty 
years'  standing.  Several  cases  of  nervous  deaf-muteism  were  also 
improved. 

The  conclusions  to  which  he  arrived  are  as  follows :  * 

1.  "That  nervous  hysterical  deafness  is  generally  caused  by  elec- 
trical excitation  of  the  chorda  tympani  and  movements  of  the  chain  of 
little  bones." 

2.  **That  cases  of  nervous  deafness  consecutive  to  eruptive  and 
continued  fevers  have  been  cured  by  the  same  treatment,  even  though 
they  have  been  of  long  standing,  and,  from  the  fact  of  their  resistance 
to  ordinary  remedies,  have  appeared  to  be  incurable." 

3.  "  That  probably  the  therapeutical  action  of  the  process  of  fara- 
clization  is  chiefly  due  to  the  undulations  of  the  labyrinthine  liquid 
produced  by  the  movements  of  the  chain  of  little  bones,  and  conse- 
quently of  \\\c  fenestra  ovali." 

4.  "That  electric  exjiloration  of  the  ear  furnishes  no  pathogno- 
monic sign  which  permits  the  prognosis  of  incurability  of  the  deaf- 
ness." 

Subacute  and  Chronic  Inflammation  of  the  Middle  Ear, — As  far 
as  we  can  judge  from  our  own  observations,  old  cases  of  chronic 
inflammation  of  the  middle  ear,  where  the  hearing  power  is  so  much 
impaired  that  a  watch  can  be  heard  only  on  pressure,  offer  an  un- 
favorable prognosis. 

The  best  results  are  obtained  in  those  cases  that  are  just  passing 
from  the  subacute  to  the  chronic  stage.  We  are  inclined  to  the  belief 
that  these  results,  when  they  do  occur,  are  brought  about  by  the 
mechanical  action  of  the  faradic  current^  on  the  adhesions  7vithin  the 
middle  ear.  In  some  even  long-standing  cases  of  chronic  inflammation 
of  the  middle  car  temporary  improvement  of  hearing  immediately  fol- 
lows faradization  or  galvanization. 

Tinnitus  Aurium. — The  very  frequent  and  very  distressing  symptom, 
tinnitus  aurium^  and  which  accompanies  so  many  of  the  morbid  processes 
in  the  auditory  apparatus,  is  not  relieved  by  electrical  treatment  as  uni- 

*  Tmtise  on  Diseases  of  the  Ear.  Translated  and  edited  by  Dr.  a  St.  John 
Roosa.     Second  American  edition,  1869,  pp.  1,013,  1,030. 
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form]?  as  d  priori  reasons  would  lead  us  to  expect.  The  cap 
ami  uncertainty  of  the  results  in  such  cases  are  partly  to  be  ex 
die  fsci  that  tinnitus  aurium  is  a  symptom  of  such  diverse  and  i 
ttndiscoverable  pathological  conditions.  Local  galvanizatia 
external  method,  or  galvanization  of  the  sympathetic,  sonietii 
for  the  tenoporary  relief  of  this  affection,  and  in  some  cases  ( 
less  pertnanent  cure  is  obtained. 

Gahranization  of  the  cen-ical  s>Tiipathetic  affects  the  car  j 
affects  the  retina,  through  modification  of  the  circulation  in  I 
Dr.  Runibold,  of  St.  Louis,  reports  two  cases  of  tinnitus 
which  local  galvanization  was  of  great  service.* 

With  reference  to  the  therapeutical  value  of  the  galvanic 
especially  in  the  treatment  of  diseases  of  the  ear,  Brenner  j 
gen  J  substantially  agree  to  the  following  propositions : 

X.  The  galvanic  current  is  indicated  not  only  for  those 
no  morbid  changes  can  be  diagnosticated,  but  also  in  all  - 
complicated,  in  which  the  abnormal  reaction  to  the  current  i 
the  nerve  participates  in  the  disease. 

2.  The  galvanic  treatment  may  aid  in  the  absorption 
deposits. 

From  our  survey  of  the  literature  of  the  subject,  and  frori 
comparative  observations,  we  are  justified  in  these  two  cone 

First,  The  galvanic  current  is  on  the  whole  of  greater  ser 
of  greater  promise  in  the  electro-therapeutics  of  the  ear  than 

Second.  The  results  obtained  in  the  electric  examinations  s 
form  or  always  reliable  guides  to  the  special  method  of  treat! 
it  is  best  to  adopt. 

Reasoning  <i  priori,  it  would  be  inferred  that  the  reactiotil 
asthisia  would  call  for  treatment  by  the  anode^  and  the  reac 
per  (ansesthesia)  for  treatment  by  the  cathcdt ;  but  experic 
that  there  is  no  uniformity  to  this  law. 

Moos,  §  in  the  remarkable  case   to   be  hereafter  cited, 
tile  cathode  at  one  time  exercised  a  temporarily  beneficial  in 
the  subjective  symptoms,  which  usually  disappeared  only 
anode. 

£rb|  also,  in  case  of  ^^  simple  hyperesthesia  of  the 

•  Archives  of  Electrology  and  Neurology,  M«y,  1874. 

f  Op.  cit..  Band  i.,  p.  a62. 

X  Praklische  Bcilra^ :  cur  Ohrenheilkunde,  Leipag,  iS6d,  ^  aaj 

§  Archives  OphthaL  mid  OioL,  vol.  i,,  No.  2,  p.  488. 

I  Archives  Ophthid.  and  Otol.,  voL  L,  No.  I,  p.  28. 


'/,"  with  *^  inversion  of  the  normal  formula'''  found  that  the  tinnitus 
pas  quieted  by  the  dosing  of  the  cathode  (Ka.S.)and  not  by  the  closing 
if  the  anode,  as  would  have  been  expected. 

Still  further,  it  is  not  demonstrated  that  in  many  of  the  cases  of 
yperajsthesia  that  were  successfully  treated  by  the  anode,  or  of  torpor 
n.-esthcsia)  that  were  successfully  treated  by  the  cathode,  the  results 
ighl  have  been  equally  or  more  successful  if  the  poles  had  been  re- 
id.  The  conclusion  is,  therefore,  that  while  the  general  law  laid 
own  on  page  281,  that  the  positive  pole  is  on  the  whole  the  more  calm- 
\g  and  tJie  negative  the  more  irritating,  applies  to  the  auditory  nerve 
\  to  other  parts  of  the  body,  yet  it  is  always  liable  lo  many  real  or 
ipparent  exceptions,  and  in  the  present  state  of  our  knowledge  the  mle 
,n  never  be  made  an  absolute  or  uniform  guide  in  the  electro-thera- 
rntics  of  the  ear. 

Brenner  •  details  eleven  cases  of  diseases  of  the  ear  treated  by  the 
^vanic  current 
In  one   case  of  thickening  of  the   drum^  the  current  caused  ab- 
irption. 

In  one  case  of  hypenesthesia,  with  tinnitus  aurium  and  anatomical 
changes  in  the  middle  ear,  the  tinnitus  was  rapidly  cured. 

In  one  case  of  hyperaesthesia,  after  the  use  of  quinine  there  was 
IKCovery. 

In  one  case  of  hyperaesthesia,  with  tinnitus  aurium  and  catarrh  of  the 
kniddle  ear,  the  tinnitus  was  cured. 

In  one  case  of  obstinate  subjective  symptoms  of*  various  kinds  there 
iras  unprovement  under  great  dtfticulties  of  application. 

In  one  case  of  noises  in  the  head  and  ears,  of  ten  years'  standings 
ipith  important  anatomical  changes  in  the  ear,  there  was  improvement 
Of  deafness,  two  cases  were  improved,  one  vfas  much  improved,  and 
one  was  cured.     The  case  which  recovered  was  one  of  facial  paralysis, 
with  anomalous  reaction  of  the  auditory  nerves. 
In  all  the  cases  there  were  anatomical  changes. 
In  some  cases  the  treatment  was  quite  persistent. 
Hysterical  Deafness, — When  deafness  depends  on  simple  hysteria  the 
Jesuits  of  electrical  treatment  may  be  very  brilliant 

Dr.  Moos,  of  Heidelberg,  has  published  a  case  of  recovery  from 
deafness  under  the  influence  of  the  galvanic  current,  which  is  the  most 
remarkable  of  any  which  have  been  scientifically  reported. 

•  Op,  cit.  Band  i.,  2  Abth.,  p.  233  et  seq.     Brenner  also  mentions  the  fact  that 
le  failed  in  seventeen  cases  of  linnuas,     Loc  cit.,  p.  335. 
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Case  CCV. — The  patient,  a  lady  of  nineteen,  after  an  attack  of  acute  articular 
rhcumntisra  (Feb.  9,  1869),  was  taken  with  symptoms  oi  acuU  intercranial disease  0/ 
an  hysterical  character.  She  became  completely  deaf  for  noises,  musicnl  notes,  and 
speech,  and  for  several  weeks  it  became  necessary  to  communicate  with  the  patient  by 
writing.  This  deafness  was  preceded  by  abnormal  sensitiz'eness  of  the  ear^  and  dis' 
tressing  acuteness  0/  hearing.  Two  weeks  afterwards,,  the  ninth  week  of  her  sick- 
ness, the  sensitiveness  had  diminished,  and  her  deafness  was  absolute.  In  the  eleventh 
and  twelfth  weeks  of  the  disease,  she  began  to  suffer  from  hysteria  or  epileptic attaeks, 
lasting  from  a  half  to  one  and  a  half  hoars,  from  one  to  three  times  a  day.  These  at- 
tacks were  accompanied  by  loss  of  consciousness,  tetanus,  clonic  cramps,  and  pains  in 
the  bnck  and  abdomen.    There  was  also  unilateral  hyperasthesia  of  the  scalp  and  face. 

These  symptoms  were  variouj^ly  treated  by  the  galvanic  current.  The  patient  was 
treated  with  the  galvanic  current ;  at  first  daily,  from  May  loth  to  July  27th, 

At  first  there  was,  as  has  been  st-ited,  a  feel>le  reaction  to  the  current.  This  was 
followed,  in  a  few  days,  by  simple  hypemsthetia^  combined  with  a  paradoxical  re- 
action in  the  ear  not  treated,  and  lastly  hypcrresthesia  with  qualitative  change. 
When  the  cure  was  complete  the  normal  formula  of  Brenner  ap|>earcd. 

On  the  eleventh  day  of  the  treatment  the  patient  heard  her  own  voice  in  the  l^ft 
ear,  immediately  after  the  galvanic  treatment.  Noises  in  the  car  appeared  which 
were  treated  by  the  anode.  On  the  iSith  and  Z4.th  of  June,  conductibility  of  the 
*oncs  was  noticed  for  the  first  lime.  July  12th,  two  months  from  the  b^tnning  of 
the  treatment,  the  patient  could  hear  the  watch  on  the  right  sitle  10  feet,  on  the  left  9 
feel»  The  Ireatnicnl  now  caused  dizziness,  wliich  made  it  necessary  to  give  longer 
intervals  during  the  stances,  and  it  was  found  necessary  to  use  very  weak  currents 
The  patient  was  now  sent  to  Bliu:k  Forest,  where  in  six  weeks  she  fully  recovered. 

On  the  2gth  of  April,  Dr.  Moos,  an  experienced  aurisJ,  who  had  once  l>cfore  ex- 
amined the  patient,  came  to  the  conclusion  that  there  was  perfect  paralysis  of  both 
auditory  nerves.  The  electric  exatmnation,  made  on  the  9th  and  loth  of  May,  gavt 
the  following  result  :— 

K.ICHT  Eajl      10  El.  900  cR*  K.S.  — Lively  whirring  soand. 

KD.  — Same  gradually  disappearing. 

K.O.  —No  result. 

An.S.—  ••       '• 

An.D.—  "      " 

An.O.—  *•      " 
Left  Eak.      10  EL    400  cR    KS.    — Scratching  of  a  violin. 

K.D.  — The  same,  lasting  a  short  time. 

K.O.  —None. 

An.S •• 

An.D.—    •* 

An.O.—    " 

Tire  ears  *ere  differently  alTected.  On  the  right  ride  there  was  "paralysis  of  tlM 
auditory  nerve,  paralysis  of  the  sense  of  touch,  as  well  as  paralysis  of  the  tropliic 
nerve,  decubitus  of  the  right  concha."  On  thelcft  side  there  was  "paralysis  of  the 
aenre  of  hearing,  long-continued  hypcnestbesia  of  the  nerves  of  touch.** 


*  Resistances  of  the  rheostate. 
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Concerning  this  case  we  may  remark  : — 

1.  It  was  unquestionably  a  case  of  hysteria^  of  which  the  rheumatic 
affection  was  the  exciting  cause.  Very  likely  some  of  tlie  cures  of 
deafness  obtained,  now  and  tlien,  by  electrisation,  are  of  a  sim 
character. 

2.  Although  the  clement  of  time  should  not  be  ignored,  yet  the  re- 
covery was  mainly  due  to  the  electrical  treatment.     This  is  proved  h^ 
the  immediateness  and  rapidity  of  the  results.  I^k 

3.  The  case  establishes,  so  far  as  a  single  case  can,  the  substantmP 
correctness  of  the  main  propositions  of  Brenner. 

4.  It  is  not  demonstrated  that  the  exclusive  use  of  either  pole  was 
necessary  to  obtain  the  result,  and  it  is  entirely  probable  that  the 
faradic  current  might  have  been  of  more  or  less  service. 

Deafness  foiiowtng  Ctrebro-Spinal  Fei'er. — Our  own  experiments  in 
the  electrical  treatment  of  deafness,  following  cerebro- spinal  fever,  ha^^ 
been  entirely  unsatisfactory.  ^| 

Moos  *  relates  a  case  of  cerebro-spinal  meningitis  that  was  followed 
by  complete  deafness,  that  gradually  improved  so  that  he  could  hear 
one  or  two  feet.  The  patient  was  troubled  with  linnitus  aurium  and 
also  with  headache  and  vertigo.  With  the  right  ear  he  heard  nothing; 
with  the  left  ear  could  hear  the  voice  two  feel.  Temporarily  the  anode 
produced  a  diminution  of  the  subjective  noises.  After  twenty-two  sit- 
tings the  hearing  power  was  raised  to  eighteen  paces  ;  the  noises  and 
giddiness  were  much  diminished. 

Chronic  Suppuration  of  the  Middle  Ear. — We  have  experimented 
somewhat  in  the  treatment  of  chronic  suppuration  of  the  middle  ear  by 
the  local  use  of  the  galvanic  current.  The  experiments  were  made  both 
in  private  practice  and  at  the  Brooklyn  Eye  and  Ear  Hospital  in  con- 
nection with  Drs.  Matthewson,  Newton,  and  Prout.  The  theory  on 
which  the  experiments  were  based  was  that  ulcerous  conditions  in  the 
ear  might  be  treated  electrically  just  like  similar  conditions  in  other 
parts.  Ulcers  on  the  mucous  membrane  do  not  yield  as  readily  to  elec- 
trical treatment  as  ulcers  on  the  surface  of  the  body,  and  do  not  bear 
electricity  as  wellj  they  are,  however,  somewhat  susceptible  of  elec- 
trical treatment,  as  is  shown  by  experiments  in  chronic  urethritis  and 
granular  lids. 

The  method  of  treatment  adopted  in  these  experiments  was  to  insert 

an  electrode  with  a  long  narrow  extremity,  covered  with  a  little  cotton, 

into  the  auditory  canal,  through  a  rubber  speculum  ;  the  canal  being  filled 

with  tepid  water.     The  electrode  is  usually  connected  with  the  negati% 

•  Archives  of  Ophthalmology  and  Otology,  voL  ii,,  No.  L,  p.  332, 
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pole  of  the  galvanic  current,  though  sometimes  with  the  positive  pole. 
The  circuit  is  completed  by  the  hand  of  the  patient  holding  a  sponge* 
electrode  or  resting  on  a  stationary  electrode.  Only  very  weak  cur* 
rents  and  very  short  applications  are  borne,  and  it  is  aJmost  indis* 
pensable  to  have  some  kind  of  rheostate,  so  that  the  current  may  be 
gradually  shut  on  or  off. 

Under  this  treatment  the  character  of  the  discharge  changes,  and  in 
some  cases  the  recovery  was  certainly  more  rapid  and  satisfactory  than 
it  would  have  been  without  it.* 

*  Vide  Dr.  Roosa,  Treatiae  on  Diseases  of  the  Ear,  p.  377. 
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The  use  of  electricity  in  midwifery  was  first  recommended  by  Ber- 
tholon  and  Herder  (1803).  Kilian  afterwards  used  "galvanic  obstetri- 
cal forceps,"  made  of  two  metals.*  Faradic  currents  w^ere  first  used 
for  bringing  on  labor-pains  by  Hceniger,  Zyly»  and  Jacoby,  of  Neustadt, 
in  1844.  Since  that  time  the  same  agent  has  been  used  for  this  purpose 
by  Frank,  Dempsey,  Barnes^  Mackenzie,  Tyler  Smith,  Radford,  and 
others. 

The  indication  for  the  use  of  the  current  in  midwiferj"  is  declared  to 
be  an  adynamic  condition  of  tlie  uterus,  when  other  conditions  are 
favorable  for  or  necessitate  immediate  delivery.  Dempsey  records  a 
case  where,  after  ergot  in  large  doses  had  failed,  faradization  for  forty 
minutes  produced  uterine  contractions  that  resulted  in  the  delivery  of 
the  child. 

Frank  reports  a  case  of  miscarriage,  from  a  fall,  in  which  faradization 
produced  contractions  of  the  uterus,  and  stopped  the  very  profuse 
hemorrhage.  Mackenzie  succeeded  in  stopping  the  hemorrhage  in  two 
cases  of  placenta  previa.  In  one  case  the  current  was  appSied  for  six, 
and  in  the  other  for  three  hours, f 

These  observers  claim  that  electricity  acts  more  quickly,  more  uni- 
formly, and  with  less  injurious  effects  than  ergot. J 

Both  M.  De  Saint  Germain  and  Tripier  are  highly  in  favor  of  fara- 
dization in  the  last  stages  of  delivery.  When  the  labor  has  fairiy  begun, 
the  pains  coming  on  at  intervals  of  about  a  quarter  of  an  hour,  Tripicr 
faradizes  the  lumbar  region. 

Uterine  contractions  soon  follow  and  occur  more  frcqtiently,  while  the 
dilatation  of  the  neck  takes  place  rapidly.  In  canes  of  confinement  M. 
Tripier  always  faradizes  the  lumbar  region  by  means  of  two  electrodes, 
and  sometimes  he  applies  one  pole  directly  to  ihc  uterus.      According 

♦  Meyer,  op.  cit.,  p.  452. 
f  Qaoled  by  Meyer,  op.  cit,,  p.  452. 

X  Simpson  and  Scanzoni,  on  the  other  hand,  deny  the  utiUlty  of  electricU^r  in 
wtfcry. 
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to  his  account  the  placenta  is  expelled  immediately  after  the  foetus,  and 
although  il  was  evident  that  the  child  felt  the  current,  not  the  slightest 
injury  has  ever  been  indicted.*  During  the  last  two  or  three  years 
there  has  been  a  revival  of  interest  in  the  use  of  faradization  in  mid- 
wifery. Quite  a  number  of  observers  in  different  countries  have 
reported  good  results. 

Dr.  A.  Murray,  of  this  city,  informs  us  that  he  has  treated  eighty- 
two  cases  of  inertia  uteris  in  second  stage  of  labor,  by  external  faradi- 
zation, and  always  with  good  results. 

He  states  that  it  acts  much  more  speedily  than  ergot.  His  method 
is  to  place  one  pole  on  the  sacrum  and  the  other  over  the  abdometu 
The  applications  are  continued  for  from  eight  to  ten  minutes. 

Post-Partum  Hemorrhage. — Faradisation  has  also  been  used  with 
good  effect  in  post-partum  hemorrhage.  It  rapidly  produces  contrac- 
tion of  the  uterus,  and  thus  may  save  the  life  of  a  patient. 

It  is  to  be  applied  the  same  way  as  before  delivery. 

Some  obstetricians  always  have  a  faradic  apparatus  on  hand,  in  case 
of  parturition. 

Diseases  of  the  Mammary    Gland — Deficient  Lacteal  Secretion  .^^  \ 
Secretion  of  milk  may  be  increased  by  elcctrLKation.      Two  methods 
of  faradization  have  been  proposed,  one  by  means  of  moist  electrodes 
on  the  gland,  the  other  by  dry  electrodes,  with  a  view  to  excite  the  se-  | 
cretion  of  the  gland  by  reflex  action. 

Successful  cases  have  been  reported  by  Aubert  and  BccquereUf 
Aubert  cured  one  of  his  cases  by  dry,  the  other  by  moist  electrodes. 
In  the  first  case  the  patient  had  no  milk  three  weeks  after  parturition. 
After  a  delay  of  seven  months  the  treatment  was  applied.  The  third 
application  brought  on  a  milk  fever;  after  the  fifth,  milk  appeared.  In 
the  other  case  the  mother  was  attacked  by  pneumonia  ii^  months 
after  confinement.  As  a  consequence  the  lacteal  secretion  ceased. 
Four  faradizations  with  moist  electrodes  filled  the  breasts. 

In  Beciiiierel's  case  recovery  was  obtained  by  three  applications. 
Similar  results  have  been  obtained  by  other  observers. 

Dr.  Skinner,  of  Liverpool  (quoted  by  Althaus),  reports  a  case  of  a 
lady  who,  whiie  nursing  her  fifth  child,  suffered  complete  suppression  of 
the  lacteal  secretion,  which  the  Doctor  attributed  to  the  tincture  of  iron 
she  was  taking.  He  applied  the  current  (probably  the  faradic,  which, 
on  account  of  its  greater  mechanical  effects,  would  be  more  indicated 
in  such  cases)  to  the  left  breast.  The  patient  felt  a  rush  of  milk  to  the 
breast,  and  in  a  few  hours  a  full  su[>ply  appeared. 

*  Journal  de  Midecinc  f  Quoted  by  Meyer,  op.  dt.,  pp.  451  and  453. 
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The  right  breast  had  not  been  used  for  some  time,  on  account  of  a 
previous  abscess.  As  a  new  experiment,  the  Doctor  made  two  applica- 
tions of  five  minutes  each  to  this  breast,  and  brought  on  as  much  milk 
as  in  the  other. 

PermaneHt  increase  in  the  lacteal  secretion  under  general  anJ  tocaltxed faradization. 

Case  CCVI. — Mrs.  ,  who  was  nursing  her  second  child,  submitted  to  faradi- 
zation for  ihc  relief  of  nervous  prostration  and  insomnia. 

The  flow  of*  milk  was  scanty  ;  quite  in<iiiflicifnt  for  the  proper  nourishment  of  the 
child.  Under  the  influence  of  general  faradization  the  patient  soon  stated  that  she 
thought  her  milk  was  somewhat  more  abundant,  and  in  subsequent  seances  we  invaria- 
bly ended  by  localizing  the  current  in  both.breasts.  These  attempts  resulted  in  such 
a  decided  increase  in  the  amount  of  milk  secreted,  that  the  infant  found  sufHcient 
nourishment  from  the  breast  without  resurlinu  to  artificial  food. 

It  15  worthy  of  comment,  that  the  left  breast,  which  was  almost  dry  at  the  bcgin- 
n'ng  of  treatment,  finally  secreted  more  abundantly  than  the  right. 

Dr.  A.  Murray  informs  us  that  he  has  tried  faradization  as  a  galacta- 
gogiie  in  thirty-seven  cases.  He  found  it  efficacious  in  about  two-thirds 
of  the  cases. 

Sore  Nipples. — Sore  nipples,  like  ulcers  and  fistulie  in  general,  may 
be  treated  electrically  by  either  current,  but  the  galvanic  is  preferable. 

Different  fomis  of  galvanic  nipple-sliieUs  have  been  devised.  These 
act  like  the  electric  disks,  and  other  body  batteries. 

Dr.  A.  Murray,  of  this  city,  has  devised  a  galvanic  nipple-shield, 
which  he  finds  very  valuable.  It  is  composed  of  silver  and  iinc.  It  is 
of  the  shape  of  a  percussion  cap,  and  the  size  of  a  small  thimble.  This 
shield  is  kept  in  situ  by  strips  of  adhesive  plaster.  The 
milk  trickling  down  the  breast  may  offer  sufficient  moist- 
ure  to  excite  galvanic  action  ;  or  a  small  piece  of  moist- 
tened  lint  may  be  interposed  between  the  nipple  and  the 
shield.  Dr.  Murray  claims  that  when  this  shield  is  worn 
for  several  hours,  the  excoriations  rapidly  heal. 

He  also  uses  this  shield  as  a  prophylactic,  and  for  this 
purpose  recommends  it  to  be  worn  two  or  three  hours 
daily  for  two  weeks  or  so  before  confinement. 

Rohland,  of  this  city,  has  devised  a  galvanic  nipple-shield  of  a  differ* 
ent  construction. 


Kia  MS. 


Murray's  Gal- 
vanic Nipple- 
shield. 
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ARTIFICIAL  RESPIRATION  BY  ELECTRIZATION  IN  CASES  OF  APPARENT 
DEATH  FROM  DROWNING,  OR  SUFFOCATION  THROUGH  POISONOUS 
GASES,  OR   IN   ASPHYXIA  OF   NEW-BORN   INFANTS. 

The  process  of  exciting  artificial  respiration  by  faradization  •  is  as 
follows  : 

1.  Let  an  assistant  put  tin  kead^  shoulders^  and  arms  of  the  patient  in 
a  fixed  position.,  while  another  stands  ready  to  assist  the  expiratory 
movements  by  pressure. 

2.  Graduate  the  current  to  a  strength  sufficient  to  produce  vigorous 
contractions  of  the  muscles  of  the  ball  of  the  thumbs  and  then  press  the 
sponge  electrodes  (which  should  be  of  large  sise  and  well  moistened) 
firmly  over  the  phrenic  nerves  at  the  outer  borders  of  the  sterno-  cUido- 
mastoid    muscles  and  at  the  Imuer  end  of  the  scaleni  muscles. 

3.  Interrupt  the  current  (either  by  removing  one  of  the  electrode s^  or 
by  an  interrupter),  about  three  times  a  minute.,  while  the  assistant  presses 
firmly  on  the  abdomen^  pausing  occasionally  to  observe  the  effect. 

4.  If  after  a  number  of  interruptions  no  inspiratory  movements  ap^ 
fear^  increase  the  strength  of  the  current. 

In  some  cases  it  is  sufficient  to  put  one  electrode  over  the  phrenic 
nerve  and  the  other  in  the  seventh  intercostal  space. 

Large  electrodes  are  used  so  as  to  affect  the  other  muscles  which! 
have  a  share  in  inspiration  (scalenus-anticus  and  stemo-cleido-mastoid) 
simultaneously  with  the  phrenic  nerve.  The  object  of  holding  the 
arras  and  shoulders  in  a  fixed  position  is  to  prevent  the  interference 
which  may  arise  from  the  contraclions  of  the  nniscles  of  the  arms,  and 
at  the  same  time  to  obtain  the  co-operation  of  the  serratus  and  pectoral 
muscles. 

Prof  Zienissen,  who  first  proposed  this  method  of  producing  artificial 
respiration,  advises  the  trial  of  the  galvanic  current    in   those   cases , 

*  The  faradic  current  is  usually  employed  for  this  purpose  tlthoogh  the  intc 
galvanic  current  might  answer  the  purpose 
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where  the  Irritability  is  lost  to  the  faratlic.  The  sanie  wrrter  presents 
a  number  of  successful  results  in  cases  of  poisoning  by  carbonic  acid 
gas  with  this  method  of  treatment  from  his  own  and  other  experience.* 

In  ojiium  poisoning  zxli^cxdX  respiration  by  faradization  may  be  tried 
either  alone  or  in  connection  with  other  methods.  Dr.  Iram  has  re^J 
ported  a  case  of  opium  poisonings  which  recovered  on  the  application 
of  one  pole  to  the  neck  and  the  other  to  the  perinaeum,  after  tannin, 
coffee,  and  tartar  emetic  had  been  unsuccessfully  employed  for  several 
hours. 

Those  who  attempt  to  jiroduce  artificial  respiration  in  emergencies 
are  frequently  unfamiliar  with  the  motor  point  {see  p.  i68)  of  the  phre- 
nic, and  therefore  ai:>ply  the  ])oIe  in  the  neck  indiscriminately.  A 
medical  acquaintance  informs  us  that  an  attempt  of  this  kind  which  he 
made  in  a  case  of  ojMum  poisoning  proved  inshmtaneously  fatal  to  the 
patient.  Under  ordinary  methods  the  ])aticnt  was  recovering,  but  'A^ 
order  to  expedite  the  progress,  faradization  was  tried.  One  pole  wa^| 
placed  on  the  ribs,  and  the  other  somewhere  in  the  neck,  in  order  to 
find  the  phrenic  nerve.  Immediately  the  patient  ceased  to  breathe^  and 
no  further  treatment  availed  to  resuscitate  her.  ■ 

This  case,  so  far  as  we  know,  is  unprecedented.  It  is  explicable  only 
on  the  dieory  that  the  shock  of  the  sudden  closure  of  the  current  near 
the  nervous  centre  destroyed  the  waning  life  by  concussion. 

This  unique  and  unfortimate  case  should  not  deter  any  physician^— 
from  resorting  to  the  electric  method  of  artificial  respiration  in  all  case^f 
where  it  is  indicated,  any  more  than  the  equally  unique  case  of  blind- 
ness produced  by  the  galvanic  current  (recorded  by  Duchenne)  should 
deter  us  from  galvanizing  the  eyes  and  face.  ■ 

Meyer  records  a  successful  result  in  a  case  of  threatened  death  from 
exhaustion  after  diphtheria.f 

FriedbergJ  succeeded  in  restoring  a  child  of  four  years,  asphyxiate 
by  chloroform,  by  this  method,  combined  with  compression  of  the  dia- 
phragm.§ 

Many  faihires  have  been  made  in  the  attempt  to  produce  artificial 
respiration  by  faradisation,  because  the  operators  were  ignorant  of  ihcj 
true  method  of  application,  or  were  not  sufficiently  persevering. 

Dr.  Beard  has  twice  failed  to  resuscitate  dogs  that  were  narcotized  b| 


•  Die  Electricital  in  dcr  Mcdicin,  1866,  p.  174  et  seq. 
\  Op.  cit.,  p.  431. 

X  Quoted  by  Meyer,  op.  cit.,  pp.  431,  432. 
%  Irritation  of  the  phrenic  nerve  might  Lie  readily  combined  with  Howard's  method 
vf  artificial  respiratton. 
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chloroform,  although  the  ap[>lications  were  begun  in  less  than  a  minute 
after  the  heart  ceased  to  pulsate. 

He  failed  also  in  a  case  of  opium  poisoning  in  an  infant  six  weeks  old* 

Some  remarkable  results  have  been  reported  where  life  was  saved  by 
faradization  around  the  neck  and  chest,  kept  up  by  intervals  for  many 
hours. 

Dr.  Allan  McLane  Hamilton,  from  a  number  of  interesting  experi- 
ments undertaken  to  test  the  utility  of  electricity  in  asphyxia,  concludes 
as  follows  : — 

isL  That  it  is  useless  to  expect  good  results  if  five  minutes  have 
elapsed  since  iife  appeared  extinct, 

2d.  That  the  current  should  be  applied  faithfully  and  sUadiiy^  one 
pole  being  placed  on  the  ensiform  cartilage,  the  other  on  the  base  of 
the  skull  or  over  the  tracks  of  the  great  nerves  of  the  neck. 

jd.  That  the  faradic  and  interrupter!  galvanic  currents  are  the  best 

4th.  That  the  current  should  be  applied  some  time  after  respiratory 
movements  have  become  regular.* 

Resuscitation  of  Nnvborn  Children. — Successful  experiments  in  the 
resuscitation  of  new-born  children  have  been  made  by  Schuli  and 
Pernice.  The  latter  succeeded  in  three  out  of  five  cases.  In  one  of 
his  cases  the  child  was  born  to  all  appearance  dead.  Restoration  was 
accomplished  in  half  or  three-quarters  of  an  hour  by  the  alternate  use 
of  the  warm  bath  and  faradization  of  the  phrenic  nerve. 

Legros  and  Onimus  f  have  experimented  on  animals — rats,  dogs — 
wth  a  view  to  bringing  on  resuscitation  during  syncope  from  loss  of 
blood.  They  used  the  galvanic  current,  placing  the  negative  pole  ia 
the  mouth  and  the  positive  in  the  bowels. 

Dr.  Rockwell  has  treated  several  cases  of  suspended  respiration.  A 
new-born  babe  was  to  all  appearances  dead  ;  faradization  of  the  phrenic 
nerve  resulted  in  decided  manifestations  of  life  for  a  few  moments 
only.  In  the  case  of  a  lady  who  was  in  a  stale  of  asphyxia— from  a 
Bubcutaneous  injection  of  morphine — faradization  of  the  phrenic  nerve 
excited  respiratory  movements  which  were  repeated  some  twelve  or 
fifteen  times  after  the  current  ceased  to  pass.  He  did  not  succeed  in 
saving  the  patient. 


*  Electricity  as  a  Means  of  Resuscitation. 
|r  Gaz.  des  Hop ,  No.  53. 


American  Practitioner,  Oct,  1871, 
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Palpitation  of  the  heart  associated  with  dyspepsia — Unusual  susceptibility  to  the 
current — Great  iniprovetnetit  under  general faradiiation. 

Case  CCVir.— Mr.  B.,  of  New  Jersey,  applied  to  us  March  1st,  1867,  wilh  the 
symptoms  of  weakness  of  the  stomach  and  liver,  and  also  of  functional  derangement 
of  the  heart.  He  was  tall,  somewhat  spare,  but  of  fair  musctilar  development-  Hit 
occupation  was  that  of  a  farmer,  but  for  some  time  before  he  visited  us  he  had  been 
unable  to  make  any  protracted  exertioc  He  bad  tested  various  kinds  of  interna] 
medicines,  and  with  unsatisfactory  results. 
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Palpitation  of  the  Heart. — That  galvanization  of  the  sympathetic 
and  general  electrization  have  a  positively  accelerating  or  sedative  ■ 
effect  on  the  action  of  the  heart,  we  have  demonstrated  by  a  large  ■ 
number  of  experiments.  (See  Electro- Physiology.)  This  effect  is  pro- 
duced by  the  action  of  the  current  on  the  sympathetic  or  the  pneumo- 
gastric  in  the  neck,  or  in  general  electrization  it  may  also  result, 
secondarily,  from  the  influence  that  the  system  at  large  receives  from 

I    the  application. 
Cases  of  functional  disturbance  of  the  heart,  associated  with  dyspep- 
sia and  hysteria  and  anasmia,  we  have  found  to  yield  to  general  faradi- 
zation in  a  large  variety  of  instances,  even  when  no  special  attention 
was  directed  to  the  sympathetic  or  the  pneuniogastric 

Fliess  ex|)eriniented  with  the  galvanic  current  in  twenty-four  cases, 
nineteen  of  which  were  functional,  and  five  of  an  organic  character. 

All  the  cases  were  more  or  less  relieved,  even  those  dependent  on 
stmctiiral  lesion,  while  the  majority  of  the  functional  cases  were  perma- 

tnently  cured. 
His  method  of  treatment  was  the  daily  application  to  the  pneumo- 
gasttic  in  the  neck  o{  mild,  descending,  galvanic  currents,  for  one  or 
two  minutes.     Temporary  abatement  of  the  symptoms  followed  each 
application.  ■ 

The  treatment  of  functional  palpitation  of  the  heart  is  certainly 
worthy  of  more  attention  than  it  has  thus  far  received  from  electro- 
therapeutists. 
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During  the  first  application  he  was  TOouientarfly  overcome  by  a  feeling  of  TaintDess, 
but  at  once  rallietl,  and  went  away  feeling  stronger  and  brighter.  He  ronlinued  to 
visit  u&  two  or  three  times  a  week,  for  nearly  two  montlu.  The  improvement  was 
slow,  but  very  poMtivc,  with  occasional  temporary  relapses.  The  cardiac  symptoms 
gradually  diminished,  and  his  strength  increased  to  such  an  extent  that  he  was  able  to 
resume  in  part  his  daily  avocation. 

When  he  left  us  his  digestive  functions  were  well  performed,  and  he  had  made  ir- 
rangements  to  enter  upon  an  active  and  pleasant  out-door  employment. 

Angina  Pectoris.— Th^  treatment  of  angina  pectoris  has  ever  been 
unsatisfactory.  The  cases  that  have  fallen  under  our  observation  were 
mostly  of  a  chronic  character,  and  turned  to  electro-therapeutics  as  a 
last  resort.  As  illustrative  of  the  best  result  that  we  have  been  able 
to  obtain  in  the  treatment  of  this  remarkable  disorder,  the  follow'ing 
case  is  presented : 


Angina  pectoris — Probably  of  an   idiopathic  ckaractir — Recovery  unaer  generai 

faradization. 

Case  CCVIII. — The  patient  was  a  stout,  vigorous  man,  aged  48,  and  for  eighteen 
months  he  had  been  the  victim  of  >'ioIent,  sharp,  shooting  pains,  under  the  sternum,  in 
the  left  shoulder  and  arm.  Frequently  the  neck,  would  yulTcr,  and  occasionally  the  left 
leg.  Physical  exploration  gave  no  evidence  of  organic  dis«tase;  and  as  it  was  im|K>s- 
sible  to  find  any  external  exciting  cause,  we  attributed  the  symptoms  to  idiopathic 
causes.  When  he  movcJ  more  rapidly  than  usual,  or  ovcr-excrted  himself  in  any 
way,  he  was  UalMc  to  be  seised  with  a  violent  sense  of  con!>trictiun  in  the  chest,  which 
caused  him  to  feel  as  if  about  to  die.  In  a  moment  the  radiating  pains  described 
above  would  follow,  and  compel  him  to  stop  perfectly  stilL  His  appetite  and  diges- 
tion were  but  little,  if  any,  impaired  j  yet,  from  the  first,  the  frequency  and  severity 
of  the  attacks  had  gradually  increased.  As  a  rule,  a  paroxysm  occurred  every  day. 
and  frequently  several  times  during  the  twenty-four  hours.  Occa,'.ionally,  however, 
a  week  would  pass  without  an  attack. 

We  made  use  of  general  faradization  when  he  was  entirely  free  from  anyune«s« 
ness.  Three  days  elaj.>sed  before  he  agam  came  to  us,  but  during  thi«  iatenrol  t)w 
malady  had  not  manifested  itself. 

Before  administering  the  second  application,  the  patient  purposely  brought  00  t 
paroxysm  by  violently  swinging  his  arms  and  bending  his  body.  In  the  nudst  of  the 
|>ain  the  positive  pole  was  suddenly  applied  ouer  the  nipple,  and  a  very  intense  cur- 
rent  -sent  through  the  body.  With  the  rapidity  of  the  passage  of  the  electricity  itself, 
the  pahi  left  him,  and  after  the  stance  had  closed,  he  found  it  impossible,  by  any 
effort  he  could  make,  to  bring  on  another  .attack.  At  the  next  visit,  three  d.-!)-*  sub- 
sequently, he  was  able,  by  very  violent  efforts,  to  bring  on  a  paroxysm,  but  of  for 
less  severity  than  before.  Similar  treatment,  by  localized  faradization,  immediately 
relieved  liim.  A  few  more  applications  were  given,  but  during  hi$  visits  to  m%  he 
never  succeeded  in  exciting  another  attack,  that  we  migJit  have  the  pleasure  of  sub- 
duing it.  For  several  months  after  he  was  discharged  as  cured,  he  hod  no  ictura  of 
the  angina. 


I 


CASES  OF  ANGINA  PECTORIS.  669 

Angina  pectoris — Decitletl  relief  undtr  centroi gatuaniuition — Rela^st,  ^^ 

Case  CCIX. — Mr.  II.  M.,  aged  35,  referred  to  us  by  Dr.  Learning,  bad  for  twenty 
years  been  a  sufferer  from  caniiac  palpiiations,  with  some  of  the  symptomi  of  angine 
pectoris.  The  cardiac  palpitations  seemed  to  have  a  relation  to  the  conciiiion  of  the 
stomach,  being  associated  with  and  apjureiuly  dependent  on  attacks  of  indigestion, 
attended  with  regurgitation  and  pyrosis.  It  was  one  of  those  cases  where  it  was  diflt- 
cult  to  determine  precisely  in  what  organ,  or  nerve,  or  nerve  plexus,  the  symptoms 
took  their  origin.  The  patient  was  not  remarkably  intelligent,  but  wj  far  as  could 
be  gleaned  from  his  history,  the  attacks  involved  both  the  heart  and  the  stomatli,  for 
it  wai  certain  that  anything  that  excited  indigestion  often  ushered  in  paroxysms  of 
great  severity.  Organic  disease  of  the  heart  had  been  suspccte*!,  but  Dr.  Lemming, 
a  skilful  and  practised  aui^ultntor,  decided  that  there  was  no  such  lesion.  Medicine 
had  accomplished  but  little  for  the  patient,  and  we  tlecidcd  to  use  central  galvaniia- 
tion.  The  first  application  was  mild  and  brief,  but  it  caused  much  dizziness,  and  for 
the  moment  alarmed  and  worried  the  patient.  In  a  few  days,  however,  he  began  to 
improve  in  his  symptoms,  and  began  also  to  bear  the  current  better.  For  about  two 
months  the  patient  persevered  in  takitig  the  treatment,  and  with  most  decided  im- 
provement. ^H 

While  the  cure  was  not  perfect,  yet  all  his  symptoms  were  so  alleviated,  that  lifa^| 
became,  in  a  measure,  enjoyable^  instead  of  a  heavy  and  constant  burden.     Subse- 
quenlly  he  relapsed. 
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We  may  have,  as  illustrated  by  ihe  following  case,  a  retrocession  of 
the  rheumatic  or  gouty  diathesis  to  the  heart,  and,  according  to  some 
writers,  to  the  lungs  also,  producing  an  incurable  organic  lesion  that 
may  result  in  this  neurosis.  A  metastasis  to  the  stomach,  of  cither  of 
the  two  diseases  jitst  mentioned,  may  give  rise  also,  according  to  others, 
to  symptoms  of  cardiac  neuralgia.  j 
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Angina  pectoris  fottmuing  repeated  attacks  of  gout — Aggravated  temporarily  ly 
strong  gatvanitaiion — Relieved  by  mild  general  faradisation. 

Case  CCX.— Mr.  B.,  aged  52,  was  referred  to  us  by  the  late  Professor  Geo.  T. 
Elliott.  The  patient  was  a  stout,  plethoric  man,  somewhat  advanced  in  years,  beyond 
the  middle  period  of  life.  He  was  perhaps  what  might  be  callwi  a  "  liigli  liver,"  and 
for  years  be  had  indulged  in  wines  freely,  although  not  to  great  excess. 

He  had  on  two  01  more  occasions  suffered  «juitc  severely  from  attacks  of  gout  of 
the  great  toe,  and  very  soon  after  recovery  from  the   last   attack,  he  licgan  to  experi- 
ence slight  symptoms  of  his  present  difficulty.     The  pain   generally   commenced  in 
the  chest,  l>ehind  and  a  little  to  the  left  »dc  of  the  sternum,  and  extended  to  th«H 
shoulder  and  down  the  leg.  ■ 

Occasionally,  the  symptoms  would  first  manifest  tlvemselves  in  the  leg,  and  then  ex- 
tend  to  the  heart. 

The  paroxysms  were  never  seyere,  so  long  as  a  quiet  posture  was  maintained,  but 
the  exertion  of  ascending  one  or  two  flights  of  stairs,  or  walking  a  few  blocks,  almtn 
invariably  excited  much  pain,  accompanied  with  a  very  distressing  shortness  of  brcathal 
The  patient  remarked,  as  a  singular  iiact,  that  while  such  slight  efTurts  readily  cau 
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cardiac  distress,  it  was  possible  for  kim  to  exercise  quite  violently  with  light  dumb-bells, 
aod  yet  suffer  from  none  of  the  evil  effects  that  might  from  analogy  be  expected  to 
follow.  The  fir&t  two  applications,  given  in  November,  1867,  were  followed  by  no 
special  results. 

Treatment  with  a  powerful  faradic  current,  on  a  third  occasion,  considerably  ag- 
gravated the  symptoms.  The  fourth  application,  given  withji  milder  current,  worked 
an  immediate  change  for  the  better. 

The  pain  was  immediately  dissipate<l,  and  for  two  days,  until  we  saw  hira  ngain,  he 
wa*  far  better  than  he  had  been  for  months*  He  walked  a  long  distance  without 
being  at  all  oppressed  in  breathing,  and  at  night  he  wa*  quite  comfortable,  although 
heretofore  his  s>ymptoms  were,  as  a  rule,  much  aggravated  at  this  time.  On  the  left 
side  of  the  neck,  the  appUcatiun  excited  pain  that  proceeded  toward  the  chest.  On  the 
right  side,  no  such  effect  was  noticed.  Without  detailing  farther  the  incidents  con- 
nected with  this  case,  we  will  simply  say  that  treatment  by  both  currents,  together  with 
persistent  metlication,  accomplished  merely  occasional  and  temp<irary  amelioration  ol 
his  distressing  '^'mptoms.  It  is  true  that  physical  exploration  gave  no  evidence  of  or- 
ganic lesion,  but  in  consideration  of  the  undoubted  gouty  diathesis,  together  with  the 
persi^stent  character  of  the  s)'mptoms,  there  could  be  no  hesitation  in  declaring  the 
existence  of  some  irreparable  structural  disease.  It  is  impossible  to  account  for  the 
temporary  but  marked  amelioration  lliat  on  different  occasions  followed  the  appUca- 
tion^  without  we  refer  it  to  the  mild  ansesthctic  effect  of  the  faradic  current. 

Diseases  of  the  Lungs. — For  diseases  of  the  lungs  electrization  has 

accomplished  less  than  in  any  other  department.  The  recognized 
gravity  of  phthisis,  together  vtith  the  d  priori  improbability  that  it  could 
be  directly  cured  by  any  known  methods  of  using  electricity^lhese 
two  causes  have  deterred  electro-therapeutists  from  making  even  experi- 
mental applications  to  diseased  lungs.  One  author — Bastings,*  of 
Brussels — however,  has  reported  most  astounding  results  from  faradiza- 
tion of  the  muscles  of  the  chest.  If  we  accept  in  good  faith  the  state- 
ments of  this  author,  even  the  second  stages  of  phthisis  may  be  ctired 
by  this  method,  which  seems  to  affect  the  lungs  not  directly,  but  in- 
directly, through  the  muscular  development  which  it  causes,  and  the 
greater  amount  of  oxygen  which  it  enables  the  lungs  to  breathe. 

The  amazing  statements  which  the  author  advances,  concerning  the 
cure  of  consuniption,  are  entitled  to  more  consideration  than  they 
would  otherwise  receive,  from  the  fact  that  the  fundamental  idea  on 
which  his  irealment  is  based,  namely,  that  faradization  of  the  muscle* 
— clectro-nmscular  gymnastics  —  markedly  increases  their  sixc  and 
strength,  and  also  improves  the  general  nutrition,  is  eminently  sound 
and  thoroughly  demonstrable,  as  we  have  shown  during  all  om*  investi> 
galions  in  electro-therapeutics. 

*  Die  LMngcnschwindsucht  und  ihre  Heilung  durch  Electricitiit.  Translated  from 
the  French  by  Dr.  Siibcrmann.     Erhuigen,  1866. 
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Vaust  *has  experimented  with  the  method  of  Basting/ — electro  mus^l 
ciilar  gymnastics — in  growing  children,  who  were  not  affected  with  any 
special  diathesis,  but  who  "-presented  the  appearance  of  debility,  Ian- 
guor,  and  iack  of  force  so  frequently  found  among  the  poorer  classes" 

The  results  were  "  wonderful."  Not  only  were  the  muscles  of  the 
chest  greatly  increased  in  size  after  a  number  of  applications,  but  their 
••  breathing  was  deeper,  their  appetites  better,  and  they  were  more 
cheerful  and  Uvely."  ^ 

After  six  months'  treatment  the  increase  was  still   more  marked  in™ 
some  of  the  cases.    According  to  oiir  experience,  the  growth  of  the 
muscles  under   faradization  is  at  first  quite  rapid,  but  subsequently^ 
much  slower,  and  in  a  few  months  becomes  stationary.  H 

Bastings  has  used  these  electro-muscular  gymnastics  in  consumption, 
not  with  a  view  to  directly  affect  the  tuberculous  deposit  at  all^  but,  by 
strengthening  the  muscles  of  the  chesty  to  so  improve  the  respiratory 
power  that  more  air  can  be  inspired,  and  so  benefit  result  to  the  hecUthy 
portion  of  the  lung,  and  indirectly,  through  better  oxygenation  of  the 
bloody  to  a  certain  extent  on  the  diseased  portion  and  on  the  whole  system. 

The  method  and  principles  of  treatment  in  all  his  cases  was  substan- 
tially similar — electro-muscular  gymnastics :  about  half  a  minute  was 
g^ven  to  each  rausde,  and  about  five  minutes  to  each  sitting.  Pro- 
longed  treatment  was  found  to  be  injurious. 

The  general  statements  of  the  author  were  confirmed  by  Dr.  Bougard.f 
who  affirms  that  the  patients  remain  cured  for  one,  two,  or  three  years. 

Dr.  Crocq  also  speaks  favorably  of  the  method  of  Bastings,  although 
in  the  treatment  under  his  own  direction  of  the  very  severe  cases  of 
consumption  in  the  St.  John  Hospital  he  obtained  no  positive  results. 

Although  the  beneficial  effects  of  muscular  exercise  in  consumption 
have  long  been  conceded,  yet,  in  the  present  state  of  the  professional 
mind  on  the  subject,  the  statements  of  Bastings  will  need  more  numer- 
ous indorsements  before  they  are  accepted- 

We  would  suggest  a  method  of  treating  pulmonary  tuberculosis, 
which,  so  far  as  we  know,  has  not  been  used,  but  which  is  surely  worthy 
of  a  trial.  This  method  would  consist  in  external  galvaiii/aiion  of  the 
diseased  portion  of  the  lung  with  a  mild  stable  current.  The  electric 
current  might  thus  act  on  the  diseased  lung,  as  it  acts  on  inflamed  and 
tilcerated  surfaces  elsewhere, 

*■  Medicinisches  Journal,  vol.  38,  Jiint  i  S64,  p.  599.  Sitzung  tier  GcKllach«n  fUr 
Medicin  und  Naturwissenschaftcn  zii  Brussels  vom  2.  Mai  186  $.  TliU  paper  U  pre- 
•ented  in  the  work  of  Bastings,  above  quoted,  p.  115  et  se«j, 

\  Op.  cit.,  p.  147.    Log.  dt.,  p.  142  et  lec), 


CHAPTER    XXXVI. 


UISCELLANEOUS   MEDICAL   DISEASES. 


Sequela  of  Sunstroke  and  Cerebrospinal  Fever. — During  seasons  of 
protracted  and  excessive  heat,  such  as  have  been  notably  experienced 
during  the  past  few  summers,  a  very  large  number  of  persons,  especially 
in  our  cities,  are  more  or  less  injurefl,  either  by  the  general  depressing 
influence  of  the  continued  high  temperature,  or  by  some  special  exposure, 
without  being,  in  the  ordinary  sense  of  tlie  word,  sunstruck.  Those  whose 
nervous  system  has  been  exhausted  or  disordered  by  the  excessive  use  of 
stimulants  and  narcotics,  by  debilitating  diseases,  and  especially  by  over- 
labor or  excitement  of  the  brain,  are  moat  liable  to  be  thus  affected. 

Injuries  thus  produced  may  be  manifested  by  every  variety  of  ner- 
vous disorder — spinal  irritation,  insomnia,  neurasthenia,  neuralgia,  epi- 
lepsy, nervous  dyspepsia,  hysteria,  paralysis,  and  not  unlikely  positive 
insanity. 

The  majority  of  such  cases  never  know  the  exciting  cause  of  their 
symptoms  until,  perhaps,  it  is  indicated  to  them  by  the  physician  who 
inquires  into  them*  In  a  number  of  cases  that  have  been  under  our 
care  for  the  above  symptoms  the  solar  heat  was  a  prominent  if  not  a 
principal  cause. 

The  symptoms  may  appear  and  reappear  for  months  and  years  after 
the  original  attack.  There  is  litt!e  doubt  that  there  arc  through  society 
thousands  of  such  cases  of  various  grades,  many  of  whom  have  never 
suspected  the  nature  of  their  malady.  The  solar  origin  of  the  symp- 
toms which  we  have  mentioned  may  be  suspected  not  only  when,  as  is 
very  frequently  the  case,  they  can  be  traced  to  some  definite  exposure, 
but  also  when  they  are  obser\'ed  to  be  peculiar  to  the  summer,  remit- 
ting wholly  or  partially  in  winter,  or  to  be  especially  aggravated  by 
exposure  to  the  sun,  and  to  be  experienced  only  during  the  daytime. 

Our  best  results  with  electricity  have  been  obtained  in  these  cases 
b)  a  combination  of  the  two  methods  of  electrization,  general  faradi- 
zation and  centra!  galvanization,  varied  in  some  cases  by  galvanization 
of  die  pnemnogastric  and  cervical  sympathetic.     Excepting  those  cases 


I 


I 


which,  by  sorae  peculiarity  of  temperament,  or  as  a  peculiar  result  of  the 
disease,  cannot  bear  electricity,  the  electrical  treatment  works  admi- 
rably, whether  used  alone  or  in  connection  with  internal  medication. 
Arsenic  we  give  in  the  form  of  granules,  -^^  of  a  grain  each,  before 
meals.  We  use  also  zinc  in  the  form  of  oxide  or  phosphide,  and  far 
in  the  form  of  cod-liver  oil  emulsion. 

Partial  paraiyns — Physical  and  mental  depression — The  sequela  of  sunstroke- 
Rapid  reccvery  under  general  faradization  and  central  galvanisation. 
Case  CCXI.— Mr.  W,,  aged  55,  consulted  us  in  !he  autumn,  of  1872.  -he 
patient  was  connected  with  one  of  the  prominent  firms  for  the  manufacturing  of  safes 
in  ibi-s  city;  and  while  in  a  Western  city,  endeavoring  to  negotiate  certain  sales,  he 
was  suddenly  overtaken  with  fainlncss,  profotind  vertigo,  and  almost  complete  uncon- 
sciousness. This  attack  occurred  on  an  opprcvsive  July  day,  .some  four  months  piior 
to  his  visit  to  us,  and  ever  since  he  had  been  in  an  exceedingly  nervous,  excitalde  con- 
dition. Any  considerable  exercise  in  walking  was  invariably  followed  by  unusual 
fatigue,  and  he  was  not  only  incapacitated  from  engaging  in  any  business  enter- 
prise, but  an  attempt  to  read  even  the  morning  paper  resulted  in  mental  disquietude 
and  real  exhaustion.  There  was  a  decided  loss  of  power  in  both  lower  extremities, 
associated  with  a  considerable  degree  of  ansesthesia.  We  submitted  him,  on  several 
different  occasions,  and  at  intervals  of  a  day,  to  genera]  faradization,  with  the  effect  of 
improving  greatly  his  motor  power,  and  of  diwipating  all  numbness.  After  a  time 
central  galvanization  was  alternated  with  the  above  treatment,  and  in  the  course  of 
six  weeks  the  patient  had  so  far  improved  in  hii  other  symptoms  as  to  be  fully  able  to 
again  engage  actively  in  business. 

In  the  following  case  the  peculiar  susceptibility  to  stimuli  caused  by 
sunstroke  was  strikingly  illustrated  : 

CasrCCXII.— Mr.  W.,  a  gentleman  about  35  years  of  age,  was  referred  lo  ns, 
Oct.  16,  1872,  by  Dr.  A.  B.  Ball.  While  ascending  a  mountain  during  his  summer 
vacation,  he  was  overcome  by  the  excessive  heat.  He  was  not  unconscious  and  after 
a  short  rest  he  resumed  his  walk.      The  theimometer  at  the  time  was  about  90°. 

The  attack  left  him  with  a  feeling  of  sensitiveness  in  the  head,  which,  instead  of 
diminishing,  had  increased  until  the  time  that  he  called  upon  us.  During  several 
weeks  at  intervals  of  a  few  days,  he  had  several  attacks  of  los»  of  motor  power. 

A  prominent  feature  of  his  case  was  his  exceeding  susceptibility  to  stimuli.  A  tea- 
spoonful  of  wine  or  a  whiff  of  a  cigar  caused  him  to  feel  wretchedly. 

We  fotind  him  on  trial  similarly  sensitive  to  electricity.  Mild  faradization  or  gal- 
vanization cau.^  a  heightening  of  the  evil  symptoms,  and  the  electrical  treatment 
was  abandoned.  Subsequently  the  patient  was  rapidly  benefited  by  a  short  trip  to 
the  sea-side.  The  first  breath  of  the  ocean  air  teemed  to  act  on  him  with  the  force 
of  a  specific 

The  sequeliE  of  cfrehro-spinal  fetter  present  symptoms  quite  similai, 
and  are  to  be  treated  on  the  same  general  principles  ;  that  is,  by  gen- 
eral faradization  and  central  galvanization,  just  as  we   treat  hysteria 
and  allied  affections. 
43 
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Intermitttnt  Fever. — According  to  Tripier  ♦  the  electric  bath  and 
statical  electricity  have  been  used  in  certain  cases  of  intermittent  fever, 
both  in  England  and  Sweden,  and  occasionally  with  satisfactory  restilts. 
The  efficacy  of  the  preparation  of  quinine  in  malarial  disease  has, 
however,  destroyed  most  of  the  interest  that  might  otherwise  have  at- 
tached to  electricity  in  its  therapeutic  relation  to  fevers. 

In  certain  ehronie  conditions  of  intermittent  fever,  where  quinine 
and  other  internal  medication  have  proved  unavailing  as  a  means  of 
permanent  relief,  we  have  seen  undoubted  benefit  arise  from  general 
faradization.  It  undoubtedly  acts  in  this  case  like  any  other  stimulak 
ting  tonic  without  any  special  influence  on  the  malarial  poison. 

Intermittent  fever —  Temporary  relief  from  quinint— 'Recovery  under  general  fara- 

diiotion. 

Case  CCXIII. — Rev.  Mr.  L.  applied  to  us  for  treatment  in  October,  1867.  His 
general  appearance  prcAenle^l  all  the  marked  characteristics  of  malarial  influence, 
>hile  he  complained  of  obstinate  constipation,  loss  of  appetite,  and  a  considerable 
degree  of  insomnia.  One  year  previously  he  was  prostrated  by  an  attack  of  chills 
and  fever,  but  soon  recovered  his  usual  health  under  the  influence  of  quinine.  la  the 
following  July  he  suffered  another  and  more  severe  attack  of  the  tertian,  which  soon 
changed  into  the  quotidian  type  of  the  disease.  During  the  first  ten  days  of  his  ill- 
ness he  took  100  grs^  of  quin'me,  but  with  little  apparent  benefit.  Still  further  treat- 
ment by  quinine  interrupted  the  severity  and  regularity  of  the  paroxysms  ^»ut  by  no 
means  effecte<i  a  cure.  For  some  time  before  he  fell  under  our  ob^rvation  (Oct.  14, 
1867),  he  suffered  every  few  days  from  what  is  commonly  termctl  "dumb  ague."  We 
immediately  resorted  to  the  most  thorough  form  of  treatment  by  general  electritatioo 
with  the  faradic  current.  He  was  remarkably  susceptible  to  its  influence,  and  orer 
the  r^on  of  the  stomach  and  liver  especially  only  a  very  slight  current  could  be 
borne. 

This  treatment  was  repeated  every  other  day  for  two  weeks.  His  bowels  soon 
became  regular,  his  appetite  improved,  and  after  the  third  application  the  attack 
ceased  altogether.  For  several  months,  at  least,  after  the  cessation  of  treatment  he 
continued  free  from  any  indications  of  returning  symptoms.  Subsequently  he  pacied 
from  under  our  observation. 

A  second  and  third  case,  in  which  the  symptoms  were  less  severe, 
but  fully  as  persistent,  yielded  promptly  and  completely  to  the  same 
method  of  treatment. 


Intermittent  fever  associated  toith  atutsiAesia^  insomnia,  and  great  deit/i/y^— Ap- 
proximate recovery  in  two  weeks  by  general  faradization. 

Case  CCXIV.— Miss  C.  S.,  aged  23,  was  placed  under  oar  care  by  Dr.  Geob 
Stcinert,  of  Harlem. 

•  Manuel  d'E  :ctroth6rapie,  etc.,  1861,  p.  581. 
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The  patient  had  all  her  liTe  been  somewhat  feeble  in  health,  but  at  this  time,  . 
for  a  month  previously,  slie  had  sufTeretl   from  a  very  decided  impairment  in 
general  condition. 

Every  afternoon  at  4  o'clock  she  experieitced  a  very  decided  sense  of  diilliness,  fol- 
lowcil  by  a  fever  which  lasted  until  5  o'clock  the  following  morning.  The  handl 
were  at  all  hours  exceetlingly  Ireraulous,  and  at  night  especially  her  fingers  became 
quite  anx4thctic  Her  strength  was  so  far  exhausted  that  she  could  walk  but  a  few 
blocks  without  great  fatigue.  Notwithstanding  these  unfavorable  symptoms  her 
bowels  continued  regular  and  her  appetite  good. 

She  suffered  much,  however,  from  insomnti,  and  was  rarely  able  to  sleep  before  2 

A  single  general  application  of  the  faradic  current  resulted  in  marked  relief  of  the'' 
condition  of  trembling  and  numbness.     Her  :ileep  rapidly  improved  ;  the  periodical 
chill  and  fever  became  less  and  less  marked,  and  soon  disappeared  ;  her  strength  de- 
cidedly increased,  and  seven  applications  given  during  two  weeks  resulteii  in  an 
proximate  recovery. 
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Maiarial  fevfr^  more  er  Jeit  persistent,  for  ten   months — Benefit  is  derived  frk 
general  faraJizaliott  and  galvaHisatii^n  of  the  sympathetic. 

Case  CCXV. — Minnie  H.,  aged  20,  came  for  treatment  in  August,  1871.  Since 
Octolier,  1870,  ^he  had  suffered  more  or  less  from  chills  and  fever,  Slie  had  last  flesh, 
was  weak,  anemic,  and  irregular  in  men-itrualion.  She  was  submitted  to  six  applica- 
tions of  general  faradization,  which  resulted  in  a  decided  improvement  in  her  general 
condition,  and  for  three  weeks  there  were  no  evidences  of  a  return  of  the  malarial 
symptoms.  After  this  (he  chills  again  annoyed  her,  when  she  returnetl,  and  was 
treated  by  galvanization  of  the  sympathetic.  The  applications  were  followed  by  a 
cessation  of  the  paroxysms^  after  which  she  passed  from  under  our  observation.  ^H 

Disfase  of  the  Supra-renal Ca^mhs  {Addison' s Disease). — Our  knowl- 
edge of  the  pathology  of  Addison's  Disease  is  very  incoinplete.     In  a 
large  proportion  of  cases  the  bronzing  of  the  skin,  and  the  peculiar 
cachectic  condition  of  the  afiFection,  are  preceded  by  organic  lesion  of  h 
the  supra-renal  capsules.  ^| 

Cases  are  not  watiting,  however,  in  which  post-mortem  examinations 
have  revealed  no  anatomical  lesion  of  the  capsules,  notwithstanding 
the  previous  existence  of  the  most  marked  and  severe  characteristics 
of  Addison's  disease. 

Dr.  Wilkes  states,  "That  after  sonne  years'  attention  to  the  subject, 
I  repeal,  with  much  confidence,  that  the  disease  of  the  capsules  in 
Morbus  Addisonii  is  uniform  and  peculiar.  In  all  the  examples  which 
we  have  now  in  our  museum,  amounting  to  thirty-three,  the  disease  is 
of  the  same  nahire  in  all."*  M 

Of  one  hundred  and  ninety-six  cases  reported  by  Dr.  Greenhow,  the 

♦  Guy's  Hospital  Reports.     Vol.  xi.,  1865.     Quoted  from  Aitken'i  Practice  < 
Medicine.     Vol.  it,  pp.  113. 
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-ve  undergone  the  characteristic 
venty-seven.* 

%e  facts,   it  is  extremely  probable 
tpsxile  of  the  kidney,  and  the  pccu-  i 
consideration,  are  directly  related  to  I 
the  affection  be  recognised  before 
place,  it  may  possibly  be  arrested, 
*  a  rule,  impossible  to  diagnose  the  | 
if  the  skin  commences,  when  it  is 
rable. 

coloration  of  the  skin,  microscopical 
ers,  have  demonstrated  that  it  is  due 
rete  mucosum,  similar  to  those  in  the 


Wir  jt»v*  »K*  f'*^  'VI  *5  of  the  remarkable  effects  of  electricity 

ta  it  c**c  «M  A  "^G  exactly  as  they  appeared  in  the   first 

Cililion  T>f  ihm  woiK,  \^^,•  the  patient  had  approximately  recovered 
hit  Jtrcngih,  he  was  presented  before  the  New  York  Medical  and 
Library  Association,  by  I^f-  Rockwell,  as  an  illustration,  not  as  a  curtf 
of  a  case  of  disease  of  the  suprarenal  capsules,  but  as  one  of  the  very 
best  illiislrations  of  the  extraordinar)'  tonic  powers  of  general  faradization. 

Most  of  those  present  acknowledged  the  amelioration  of  the  man's 
symptoms  to  be  the  result  of  the  treatment,  but  doubted  whether  there 
was  or  had  been  disease  of  the  capsules.  For  two  years  afterwards  the 
patient  lived  and  enjoyed  during  the  time  all  the  vigor  that  had  resulted 
from  the  use  of  elcciridty.  Suddenly,  and  without  apparent  cause,  his 
strength  failed  him,  and  within  twenty-four  hours  he  died,  A  post- 
mortem was  obtained  which  substantiated  the  original  diagnosi-*.  The 
capsule  of  one  kidney  had  entirely  disappeared,  leaving  in  its  steftd 
some  calcareous  remains.  The  other  capsule  was  situated  on  the  in- 
terna! border  of  the  kidney  a  little  below  its  normal  seat,  and  was  com- 
posed of  a  cheesy-like  substance — ch.iracteristic  of  the  disease. 

The  specimen  was  presented  by  Dr.  Rockwell  before  the  members 
of  the  New  York  Pathological  Society. 

Distast  of  the  tufira-rfnal  capiules — Dark  tkin — Deficitnt  secretions — Parafynt  0/ 

the  Itftarm — l^ss  of  sexuai  power —  Very  great  imprwemtnt  under  gmfr^far> 

adizatioN — Slight  further  improvement  under  gatvant%atioH  of  the  tympatht^, 

Ca»»  CCXVI.— The  patient,  a  man  aged  45,  was  referred  to  us  by  Dr.  H-  H. 

Oi'efvory,  of  Hartem,  and  the  diagnosis  of  disease  of  the  supra^reoal  c^Moles  wss  coo* 

(tinted  by  Prof.  Austin  Flint. 

•  Clymer  in  Aitkeu*s  Practice  of  Medicine.     Vol  li.»  pp.  tia 


REMARKABLE  CASE  OF  ADDISON'S  DISEASE. 
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UntL  November,  1867,  the  patient  enjoyed  perfect  health.  ^| 

About  this  lime  he  began  to  observt  slight  S)-mptoms  of  exhaustion.  Soon  his 
Appetite  failed  him.  He  became  anaemic,  and  suffered  from  excessive  fatigue  after  the 
dighlest  exertion. 

He  was  confined  to  his  bed  during  the  month  of  January,  when  he  first  observed^— 
■ome  sUght  discoloration  of  his  face  and  hands.  ^| 

During  the  succeeding  months,  until  August,  1868,  his  general  health  seemed  to-^ 
improve  somewhat,  so  that  he  was  enabled  to  engage  in  moderate  labor.     At  this 
time  he  suddenly  relapsed  into  a  state  of  utter  exhaustion.     His  skin  became  severat^H 
shades  darker,  and  his  general  ap|>eaj-aiice  was  that  of  an  ordinary  mulatto.  ^| 

His  bowels  became  disitressingly  constii>ated.  Sleep  was  fitful  and  unrefreshing, 
Hi<i  mouth  and  throat  were  excessively  dry  and  parched;  indeed,  the  function  of  the 
secretory  organs  generally  was  markedly  impaired. 

The  skin  was  shrivelled  and  dry.     The  finger-nails  were  brittle,  breaking  on  the  ftp 
plication  of  a  very  slight  force.     The  left  arm  was  stiff  and  almost  powerless, 
could  not  be  bent  beyond  a  right  angle,  nor  lifted  more  than  a  few  inches  from  ( 
side.     Lastly,  the  sexual  power  and  desire  were  entirely  lost. 

All  of  these  symptoms  persisted,  with  but  slight  variation,  notwithstanding  an  un-^ 
interrupted  tonic  treatment,  until  June,  1S69,  when  the.  case  fell  under  our  observa- 
tion. As  the  moiit  prominent  and  distressing  symptom  of  which  the  patient  com- 
plained was  the  excessive  debility  that  unfitted  him  for  the  slightest  exertion,  the 
results  of  treatment  by  general  electrizalioo  illustrate  more  forcibly  than  tn  most  other 
instances  its  remarkaltle  constitutional  tonic  power.  A  general  application  of  the 
faradic  current  revealed  not  only  a  profound  anaesthetic  condition  of  the  whole  body, 
but  also  an  unusual  general  impairment  of  the  electro-muscular  coniraciility.  By 
placing  the  negative  electrode  at  the  pit  of  the  stomach,  and  the  positive  on  the 
neck,  a  little  above  the  seventh  cervical  vertebra,  distressing  tmusea  was  invariably 
produced. 

The  patient  began  to  amend  from  the  first  day  of  treatment,  and,  after  having  re- 
ceived thirty  general  applications  of  the  faradic  current,  his  condition  at  that  date 
may  be  thus  summed  up : 

1st.  He  had  long  been  completely  cured  of  his  cotistipation. 

2d.  Sleep  was  perfectly  sound  and  refreshing. 

3d.  The  dry  and  parched  condition  of  his  mouth  and  throat  was  entirely  relieved, 
and  all  the  secretions  of  the  body  had  increased  in  quantity  and  quality. 

4th.   His  finger-nails  were  restored  to  their  usual  elasticity. 

5th.  He  had  approximately  recovered  the  use  of  his  arm.  This  improvement  wai 
manifest  after  the  third  application. 

6th.   The  sexual  organs  had  been  very  decidedly  strengthened. 

7lh.  Above  all,  his  strength  and  power  of  endurance  had  progressed  with  the 
%bove  changes.  At  first  be  was  barely  able  to  crawl  a  single  block  ;  be  could  after- 
wards walk  a  couple  of  miles  without  suffering  unpleasant  fatigue,  and  could  readily 
tngage  in  any  light  lal*or. 

8ih.  In  regard  to  the  hronring  of  the  skin,  the  cliangc  was  not,  as  yet,  very  marked. 
The  discolcrration  seemed  to  be  a  sliade  lighter,  and  had  Renwbly  receded  on  the 
Bides  of  the  fingers  and  hands. 

We  have  referred  to  the  nausea  excited  by  the  electric  current.     In 
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view  of  certain  theories  that  have  been  advanced  concerning  Addison*! 
disease,  this  fact  is  of  considerable  interest. 

The  semi-lunar  ganglion  and  solar  plexus,  and  also  the  pneumo- 
gastric  and  phrenic  nerves,  supply  nervous  filaments  to  the  capsules. 

In  consideration  of  this  fact,  Dr.  Habershon  and  others  are  of  the 
"  opinion  that  the  more  fully  the  disease  is  known  the  more  completely 
will  it  be  traced  to  the  sympathetic  nerve.'*  The  unusual  action  of  cvea 
a  mild  current  on  that  nerve,  in  producing  nausea,  tends  to  strengthen 
this  conclusion. 

This  annoying  symptom  rapidly  became  less  marked  as  the  patient 
gained  strength  tmtler  the  influence  of  electrization,  and  a  most  power- 
ful current  could  soon  be  applied  without  causing  inconvenience. 

The  patient  was  subsequently  treated  by  galvanization  of  the  sympa> 
thetic*  with  some  further,  though  not  marked,  improvement. 

Very  Utile  scientific  attention  has  been  given  to  the  electro-thera 
peutics  of  diseases  of  the  kidneys,  although  the  organs  are  sut^ciently 
accessible  to  electrization.     Most  of  the  recognized  chronic  diseases  of 
the  kidneys  are  of  so  grave  a  character  that  they  have  offered  but  little 
encouragement  for  electrical  experimentation, 

it  is  impossible  to  pass  an  electric  current  through  the  body  in  the 
region  of  the  kidneys  without  directly  affecting  these  organs,  as  is  cle; 
from  what  is  known  of  the  conductibility  of  the  tissues,  and  also  froi 
clinical  observation.     In  many  instances  patients  have  called  our  atten- 
tion to  the  fact  that  after  general  faradization  the  secretion  of  urine 
much  increased. 


ContpUte  supprestion  of  urine  for  six  days.,  folloroing  ati  attack  of  gravel —  Tkri* 
applications  of  general  faradinxtion  is  followed  by  a  copious  Jlow^  amouHtimg 
in  eighteen  hours  to  over  twelve  quarts. 

Case  CCXVII. — Mr.  S.,  aged  about  50,  and  weighing  M»me  2S0  Wa.,  had  for  so-cr«t 
years  sulTered  more  or  less  from  gravel.  In  these  paroxysmal  attacks  ihe  urine  wouJ 
often  1>ecome  completely  suppressed,  I>ut  by  a  warm  bath  and  warm  drink  the  funo« 
tional  activily  of  the  kidney  invariably  returned  in  a  short  time.  On  one  occasion,  hovri 
ever,  aflei  an  attack  of  unusual  severity,  these  ordinary  remtrdies  completely  failed  to 
K-estal)lish  the  excretion  of  urine.  Dr.  II.  H.  Gregory  was  immediately  calle«l,  and, 
conjuntnion  with  Dr.  W,  H,  Draper,  vainly  endeavored  by  every  means  at  command 
to  relieve  the  suffering  pahent.  At  the  cjkI  of  the  sixth  day  but  about  thirty  drops  of 
a  thick  and  Liloody  fluid  hafi  been  passed,  and  Dr.  Gregory  requested  us  to  use  elec» 
tricily.  The  patient  was  at  this  time  completely  prostrated  and  very  drowsy,  but  » 
odor  of  urea  could  be  detected  in  the  breath.  Wc  decided  to  submit  the  patieot  li 
general  faradization,  and  on  Saturday  evening,  the  sixth  day  of  the  »uppres&ion,  mati 
a  preliminary  attempt.  There  was  so  much  adipose  tissue  to  overcome,  and  the  tku 
of  iJie  patient  was  so  exceedingly  sensitive,  that  il  was  very  difficult  to  carry  out  ihi 


proposed  treatment  effectually.  On  Sunday  morning  a  second  application,  with  an  in- ' 
creased  strength  of  current,  was  given,  and  again  on  Sunday  evening  at  lo o'clock  the 
treatment  was  essayed  a  ihirii  time.  Two  hours  subsequently  the  patient  felt  a  de- 
sire to  urinate  and  succeeded  in  passing  an  ounce.  In  a  few  minutes  the  desire  to 
urinate  returned,  when  almost  without  cessation  he  passed  an  ordbiary  sized  chamber 
full,  and  up  to  six  c*'clock  the  same  day  twelve  quarts  were  voided.  From  this  time 
forth  the  kidneys  continued  active,  and  the  patient  recovered.  ^M 

An  instructive  feature  in  this  tmique  and  interesting  case  lies  in  the 
fact  that,  notwithstanding  a  complete  suppression  for  i68  hours,  the 
symptoms  of  uraeniic  poison  were  by  no  means  so  decided  as  might  be 
expected.  This  amehoration  can  without  doubt  be  fairly  attributed  to  the 
skilful  management  of  the  attemling  physician,  especially  in  the  matter 
of  hot-air  baths,  by  which  the  excretory  function  of  the  skin  was  kept  ia 
a  constant  state  of  activity.  ^ 

In  relation  to  the  credit  due  to  electricity  for  the  successful  issue  of  .fl 
this  desperate  case,  whether  the  symptoms  were  self-limited,  or  whether 
the  treatnieut  by  the  hot-air  baths  and  internal  medication  would  alone 
and  in  good  time  have  brought  about  the  desired  result,  it  is  impossible 
positively  to  decide.  On  the  principle  o{ past  hoc  et,  etc.,  it  would  cer- 
tainly seem  as  if  faradization  should  be  regarded  as  the  important  thera- 
peutic factor  employed,  especially  as  its  power  to  increase  the  urinary 
secretion,  both  in  the  healthy  and  diseased  condition  of  the  kidney,  is 
clearly  taught  by  experience. 

Diabetes. — The  supposed  relation  of  this  symptom  to  the  disease  of 
the  brain  suggests  the  propriety  of  treating  it  by  galvanization  of  the 
sympathetic  and  of  the  brain  and  spinal  cord. 

Dr.  Wm.  Dickinson,*  who  has  made  post-mortem  examinations  of 
the  brain  and  spinal  cord  of  five  diabetic  patients,  found  the  following 
peculiar  morbid  changes,  which  were  nearly  similar  in  all : — 

1.  Dilatation  of  the  arteries.     This  was  the  earliest  symptom. 

2.  Degeneration  of  the  nervous  matter. 

3.  Cavities  produced  large  enough  to  be  seen  without  the  luicro- 
scope,  and  which  contained  products  of  nervous  decay.  1 

4.  These  contents  become  absorbed. 

These  changes  were  found  near  the  arteries  and  throughout  the 
siJtnal  cord  and  cncephaton,  but  especially  in  the  medulla  oblongata 
and  pons  varolii,  f 

•  Medical  Times  and  Gazette,  March  19,  1870. 

\  The  relation  which  has  been  established  by  Calvi  between  dialjctes  and  pniritusof 
the  vulva,  which  ia  a  nervous  affection,  would  seem  also  to  speak  for  the  nenrout 
character  of  the  former  disease.     (See  Damon's  Neuroses  of  the  Skin,  1868,  p.  25.) 
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These  investfgations  were  confirmed  by  a  most  distingiiished  author 
ity  in  nervous  pathology,  Dr.  Lockharl  Clarke. 

Besides  these  pathological  observations,  there  are  two  general  con. 
siderations  which  might  be  adduced  in  favor  of  the  theory  that  diabetes 
is  essentially  a  nervous  disease. 

In  the  first  place,  it  appears,  in  some  instances  at  least,  to  be  brought 
on  by  excessive  mental  excitement  or  worry.  That  it  may  be  produced 
by  concussion  of  the  brain  is,  we  believe,  conceded.  That  there  is  a 
relation  between  diabetes  and  the  base  of  the  brain  has  for  some  time 
been  more  than  suspected. 

Secondly,  the  results  of  some  of  the  therapeutical  measures  would 
seem  at  least  to  indicate  that  this  disease  may  be  favorably  influenced 
tlirough  remedies  that  affect  the  nervous  system.  ProC  Austin  Flint  ♦ 
has  recently  published  reports  of  two  or  three  cases  of  diabetes  that 
were  decidedly  benefited  by  bromide  of  potassium. 

Experience  is  the  best  and  only  test  of  the  strength  of  these  facts  and 
considerations.  The  experiment  of  ceiftral  galvanization — including 
the  brain,  spinal  cord,  and  sympathetic — is  surely  worlliy  of  a  faithful 
trial,  especially  in  the  early  stages  of  this  affection.  This  treatment 
would  be  none  the  less  indicated  if,  as  some  suppose,  the  pathological 
changes  found  in  the  brain  and  spinal  cord  of  diabetic  patients  are 
merely  the  restdt  of  the  disease. 

Kxperimentally  fiiradizatioii  of  the  liver  might  also  be  tried. 

Seinmola  \  has  found  both  temporary  and  permanent  results  from 
faradization  and  galvanization  of  the  pneumogastric.  In  some  cases 
both  the  quantity  of  urine  and  of  sugar  were  diminished.  It  may  be  re- 
marked that  it  would  be  difficult  to  galvanize  the  pneumogastric  without 
also  affecting  the  sympathetic. 

It  is  yet  too  early  to  offer  positive  opinions  in  regard  to  the  electro- 
therapeutics  of  this  disease,  but  the  following  cases  are  suggestive  of 
what  may  possibly  be  accomplished  in  the  future. 


Diahetes  Metlitus  of  traumatic  origin  in  an  aged  patient — Rapid  relief  of  alt  tkt 
symfitoms,  and  apparent  arrest  of  the  disease  undtr  etniral  gahMtnixation-^ 
Subsequent  attack  of  hemiplegia. 

Case  CCXVIII.— J.  D.,  afarmer,  aged  76,  wasreferred  to  us  Janoary  30,  1873,  by 
Dr.  J.  H.  Raymond,  The  patient  had  always  been  active,  laborious,  and  well,  until 
two  years  prcviouJi,  wlieti  he  fell  tea  feet  in  a  bam,  struck  and  hit  on  his  side.  Thai 
nme  nl^^ht  came  pain  in  ttie  nipple,  and  a  very  proruse  flow  of  urine.  At  uiic  lime 
he  passed  as  high  as  two  quarts  and  three  pints  daily.     It  was  ascertained   that  the 

♦  American  Practitioner,  Jan.,  1870. 
f  Quoted  by  Althaus,  op.  ciL,  p.  582. 


urine  contained  sugar,  and  by  medical  advice  he  had  adopted  Camplin's  diet,  and 
under  Dr.  Rayinond  had  taken  carbonate  of  soda  with  advantage. 

The  symptoms  at  the  time  the  patient  came  to  us  were  as  follows: — There  was 
headache,  bad  taste  in  the  mouth;  the  urine  had  a  spedfjc  gravity  of  1024,  and  he 
Vr-as  obliged  to  rise  in  tlienijjht  to  pass  water  ;  about  two  quarts  were  passed  daily; 
there  was  considerable  muscular  debility,  so  that  a  sliort  walk  was  fatiguing. 

On  the  theory  tliat  the  disease  was  in  the  spinal  cord,  or  at  least  in  some  part  of 
the  central  nervous  system,  we  began  to  use  central  galvanization,  with  immediate 
results.  After  the  first  application  he  began  to  be  stronger,  and  after  a  week  it  was 
no  longer  needful  for  him  to  rise  at  night  to  pas?  water.  The  specific  gravity  of  the 
urine  soon  went  down  to  1019,  at  which  point  sugar  could  still  be  detected.  The 
diet  of  the  patient,  and  his  general  manner  of  life,  were  the  same  as  before.  Sugar 
was  never  entirely  expelled  from  the  urine,  but  in  strength  the  patient  so  much 
improved  that  he  could  walk  several  miles  daily.  The  headaches  were  felt  no  more, 
and  the  bad  taste  was  much  mitigateil.  Me  returned  to  his  home  and  to  his  occupation, 
and  was  able  to  work  more  or  less  for  six  months,  when  he  was  taken  with  hemi- 
pl^a. 

Dr.  Bunker  informs  us  that  he  has  similarly  treated  a  case  of  diabetes,  and  has  from 
lime  to  time  examined  the  urine  and  estimated  the  quantity  of  urea.  He  has  con- 
firmed the  exjKtieuce  above  recorded;  and  bcMde>,  has  shown  what  we  did  not 
attempt,  that  the  quantity  of  urea  diminished  very  markedly  under  the  treatment. 


In  the  following  much  severer  case  the  apparent  results  of  treatment 
were  less  decided  : — 

Diabetes  meUittu,  two  and  a  half  years'  ttandtng,  apparently  earned  by  a  fall^ 
com  plicated  with  various  nervous  symptoms— Tem/orary  benefit  from  central 
galvanization. 

Case  CCXIX, — Mrs.  L.,  a  married  lady,  under  middleage,  wassent  to  us  March  4, 
1873.  Two  and  a  half  years  before  she  had  a  severe  fall,  which  produced  a  concus* 
Mon  of  the  spine,  and  laid  her  up  for  a  week.  In  a  few  months  came  on  excessive 
thirst,  constipation,  and  sugar  in  the  urine.  She  had  lieen  through  various  forms  of 
treatment,  and  confined  herself  to  bran-bread,  and  was  then  drinking  Bet hes«la  water, 
which  seemed  to  do  her  gooiU  Her  condition  was  as  follows:  Specific  gravity  of 
urine,  1049  ;  six  gallons  passed  daily  part  of  the  lime,  and  when  she  paid  no  regard 
to  her  diet.  Considerable  facial  neuralgia,  great  thirst,  a  feeling  of  aching  and  stiff- 
oess  in  legs,  with  pains  resembling  growing  pains;  insomnia,  partly  owing  to  tfte  fact 
that  she  was  obliged  to  gel  up  several  timc^  during  the  night  to  pass  water;  and  tcu* 
demess  of  dorsal  and  lumbar  vertebrae.  Treatment  by  central  galvanization  faithfully 
used  brought  down  the  specific  gravity  of  the  urine  to  I040,  but  never  lower  than  that, 
enabled  her  to  pass  the  entire  night  without  rising  to  make  water,  and  relieved  many 
of  her  genera/  nervous  symptoms,  and  this  was  all  it  accomplished. 


Exophthalmic  Goitre^  or  Graved  Disease. — The  characteristic  features 
of  the  disease  are  enlargement  of  the  thyroid  gland,  exo]>hihalmus, 
and  palpitation.     It  is  due  to  disease  of  the  sympathetic     It  has  been 
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treated  by  galvanization  of  the  sympathetic.  Wietfeld  and  others  rcb 
port  successes  with  this  method  of  trcalnient. 

Dropsical  Effusions. — Dropsical  effusions'  are  susceptible  of  treat- 
ment by  the  electric  currents,  even  when  they  depend  on  incurable  dis- 
eases of  the  heart,  liver,  or  kidneys.  Galvatiization  and  faradization 
may  both  be  tried  with  strong  currents. 

In  cedenia  of  the  lower  limbs  we  have  found  both  galvanization  and 
faradization  temporarily  and  sometimes  peunaneuti)'  efficacious. 

General  Jropsy  the  result  of  vnhnhr  heart  disease — Pmoetful  faradic  mrrent*^ 

toeahzed^  greatly  increase  the  secretory  action  vf  the  itdiieys,  and  dtssifate  tk* 

dropsicixl  fjfusion. 

Case  CCXX. — December  13,  1S70,  wc  were  called  to  see,  with  Dr.  Samuel  T. 
Hubbard,  a  latly  aged  about  thirty-five  years,  who  was  sufTej  injj  from  general  dropsy. 
The  abdomen  was  enormously  distended,  and  the  lower  liinbs  were  double  their  nor- 
mal size.  The  patient  wxs  a  frail,  delicate  woman,  and  for  years  had  buffered  from 
valvular  disease  of  the  heart  resulting  from  articular  rheumatism. 

The  kidneys  were  almost  entirely  inactive,  so  that  she  voided  not  more  than  %  tea- 
spoonful  uf  ujiiieat  a  time,  and  the  a<;i;rc^ate  quajitity  secreted  dur'mg  twcnty>foar 
hours  was  but  a  trifle,  .\U  that  we  could  hope  to  accomplish  was  to  whip  up  the 
secretory  process,  and  for  this  purpose  a  faradic  current  uf  great  intensity  w.as  directed 
through  both  kidneys  and  the  tower  limbs.  The  current  was  to  the  patient  hardly  ap 
preciabic,  notwithstanding  the  great  strength  of  current  used,  and  yet  the  flow  of 
urine  was  so  increased  that  during  the  next  twenty-four  hours  a  greater  amount  \«» 
voided  than  she  was  accustomed  to  pass  when  in  her  ordinary  health.  The  .ipplicJi- 
tions  were  repeated  fifteen  times  {the  increased  amount  of  urine  bccrelc\l  being  kept 
up)  until  the  water  had  disappeared  from  the  alidomen  and  legs.  This  was  ooly 
one  of  several  previous  attacks,  and  her  strength  was  so  much  reduced  by  continued 
wifTering  that  she  gradually  sank  and  died.  Electrization  evidently  prolonged  life,  KtA 
by  relieving  the  prcisurc  on  the  lungs,  much  alleviated  the  diilress. 

Brighfs  Disiiise, — Theoretically,  local  galvanization  through  the 
region  of  the  kidneys  and  central  galvanization  ought  to  be  of  service 
in  the  early  stages  of  Bright's  disease.  The  nutrition  of  the  kidneys 
might  Ihus  be  improved  directly  and  indirectly. 

We  have  not  yet  experimented  as  much  in  this  direction  as  wc  could 
wish. 

Dr.  H.  J.  Pratt,  of  Denver,  Colorado,  reports  a  case  of  Bright's 
disease  where  the  galvanic  current  applied  over  the  dropsical  abdomen 
and  general  faradization  resulted  in  relief  of  the  dropsy,  and  in  a  dirai- 
ijution  of  the  amount  of  albumen  and  of  the  hyaline  casts. 

Rhinitis  {Catarrh). — Subacute  and  chronic  inflammations  of  mucous 
membranes  are  susceptible  of  electrical  treatment — may,  indec«l,  be 
permanently  as  well  as  temporarily  relieved  by  it,  though  but  rareljr 
does  it  work  an  entire  cure  unless  aided  by  other  measures. 
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Aside  from  any  chemical  effect  of  the  current,  its  mechanical  action 
alone  would  be  suflFicient  to  theoretically  account  for  the  relief  it  gives 
to  inHamcd  mucous  membranes.  Stelhvag,  speaking  of  irritants  in 
general  in  the  treatment  of  external  inflammations  of  the  eye,  uses  the 
following  language  :  "The  irritation  which  they  set  up  in  the  sensory 
nerves  being  carried  over  to  the  vaso-motor  nerveSt  may  cause  a  con- 
traction of  the  calibre  of  the  vessels  when  they  are  in  a  condition  of 
relaxation.  This  is  done  by  the  excitation  and  invigoration  of  the 
atonic  muscular  fibres.  The  resolution  of  the  inflanmiation  is  favored 
by  the  lessening  or  removal  of  the  congestion,  which  is  one  of  the 
causes  of  the  unfavorable  course."  ♦ 

The  theory  is  fully  plausible  that  electricity  operates  to  a  less  degree 
in  the  same  way,  for  its  primary  effect  is  to  increase  the  amount  of 
blood  in  the  mucous  membrane  to  which  it  is  applied,  and  experience 
shows  that  this  hyperaemic  condition  thus  created  soon  passes  away,  f 

The  same  explanation  will  apply  to  the  action  of  electricity  on  all  the 
mucous  membranes — the  eye,  the  ear,  the  pharynx,  larynx,  and  urethra. 
Certainly  the  ultimate  result  of  electrisation  is  to  give  lone  to  the  mu- 
cous membranes  as  to  other  tissues  of  the  body.  (For  methods  of 
treatment  of  rhinitis,  see  Anosmia.) 

CfUttrrh  of  eight  year ^  standing — Complete  and  permanent  recovery  under  local 

galvaniMtion. 

Case  CCXXI,— Mr.  N.,  aged  i%  was  referrrd  to  us  by  Dr.  D.  B.  St.  John  Roosa. 
For  eight  years  the  patient  had  beeu  afflicted  with  nasal  catarrh,  of  a  most  persistent 
and  annoying  tyj».  Wc  expressed  douht  as  lo  the  elBcacy  of  the  electrical  treat- 
ment in  her  case,  and  stated  that  if  it  was  undertaken  it  wouid  be  necessary  to  be 
inost  persevering  in  order  to  lest  its*  efficacy. 

The  patient  was  willing  and  anxious  to  try  this  or  any  other  method  that  ofTcred 
the  slightest  chance  of  relief,  and  for  nearly  four  months  she  submitted  to  the  pro- 
po»e<i  ireattncnt.  From  four  to  six  ordinary  sLzetl  zinc-carbon  cells  were  used,  and 
the  treatment  was  both  external  and  internaL  About  sixty  applications  were  given, 
and  the  result  was  a  coiupiete  recovery. 

Over  four  years  have  now  elapsed  since  this  case  was  first  published, 
but  the  patient  has  never  felt  a  symptom  of  a  return  of  the  diffi- 
culty. 

Anosmia,  or  Loss  of  Sense  of  Smc//. — A  very  frequent  result  of  long- 
continued  rhinitis  is  partial  or  complete  anosmia.     The  acute  form  that 

•  Diseases  of  the  Eye.     Translated  by  Drs.  Hackley  and  Roosa,  p.  26. 

f  Goluliew  has  shown  that  the  capillaries  of  the  nictitatinir  membrane  of  the  frog 
contract  transversely  under  the  influence  of  powerful  electrical  shocks.  (Billrotb't 
Surgical  Pathology.     Translated  by  Dr.  C.  E.  Hackley,  p.  53.) 
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tfytoft  m  the  culy  stages  of  severe  cold  usually  passes  away  without 
HvMnent  oo  the  subsidence  of  the  inflammation,  in  some,  cases 
>BOWniii  is  supposed  to,  and  probably  does,  result  from  careless  and  too 
j^ffolcHlfed  use  of  over-irritating  injections.  There  are  various  grades 
of  the  disease,  from  simple  and  scarcely  perceptible  obtuseness  of  the 
smell  to  absolute  inability  to  detect  any  odor  whatever. 
Kerosene,  coffee,  illuminating  gas,  make  no  more  impres* 
sion  limn  substances  of  a  negative  character. 

Anosmia  may  also  result  from  central  as  well  as  peripheral 
lesion. 

The  /r^<7//w^«/ of  anosmia  may  be  both  external  and  internal. 
The  external  treatment  is  the  same  as  that  recommended 
for  rhinitis,  except  that  tlie  current  should  be  much  stronger ; 
the  internal  treatment  consists  in  the  direct  application  of  a 
metallic  electrode  to  the  mucous  membrane  of  the  nasal 
passages.  We  have  used  for  this  purpose  an  insulated  elec- 
trode, with  a  metallic  bulbous  extremity  that  can  be  nia 
some  distance  up  the  inferior  meatus.  An  insulated  Eus* 
tachian  catheter,  containing  a  wire  with  a  bulbous  extremity, 
ser\'es  very  well  the  purpose,  or  a  common  silver  catheter, 
n'"*1  eP  -  "•"''"sulated,  may  be  used  ;  or,  indeed,  any  flexible  metallic 
irode.      electrode  of  proper  size. 

Anosmia  existing  six  ytars — Improvement  under  treatment  by  local  faraditation. 

Cask  CCX XII. —Mr.  H,  I.,  a  medical  student,  aged  30,  was  referred  to  lu  by  Dr. 
Roosa,  May,  1869.  Some  six  years  previously  the  patient  had  fallen  from  a  bon<  and 
sustained  severe  bruises  about  the  head  and  face.  From  thai  time  he  had  been  unable 
to  di&tinguiiJi  any  odor  with  the  exception  of  that  of  fresh-ground  coffee  and  kerosene 
oil. 

A  jKiwcrful  a|>p]ication  of  the  faradic  current  was  made  on  either  side  of  thebndn 
of  the  nusc,  near  the  eyes,  enabling  hitn  in  the  course  of  a  few  hours  to  smell  faintly 
certain  slruo^  jHrrfumcs, 

On  the  fullowing  morning,  however,  he  was  surprised  to  find  himself  able  to  smell 
IoImjoco  smoke,  camphor,  etc. 

Iii«  scn«e  of  smell  remained  thus  acute  until  three  or  four  in  the  aftemooa,  when 
it  tudilciily  disappeared. 

A  second  application  was  followed  by  the  beneficial  result  of  the  fir&l,  and  wjlh 
only  a  |Kirtial  rela}^>se,  while  the  third  and  fourth  s<^ances  rendered  him  ^nsible  Co 
moM  of  the  ordinary  odors. 

Anosmia  assofiateJ  with  loss  0/  the  sense  of  taste— Reeavery  under  toealited g 

lalion. 
Cask  CCXXIII.— Mrs.  H.,  sent  to  iis  by  Dr.   A.  N.  Brockway,  aged  45,  was  1 
VHng  from  a  severe  and  chronic  nasal  catarrh^  and  associated  with  this  diseiiiic  wa 
complete  los&  of  the  %sax&  of  taste  and  smell. 
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It  was  alike  to  the  patient  whether  she  ate  the  most  delicate  morsel  or  the  dryest 
crustf  or  whether  she  inhaled  tlie  perfume  of  the  rose  or  the  most  disagreeable  of 
odors.  This  condition  has  existed  for  several  years,  but  under  the  influence  of  the 
galvanic  current,  applied  both  to  the  mucous  membrane  of  the  nasal  p:^sages  and  ex« 
temally,  the  senses  of  taste  and  smell  gradually  returned  to  ttieir  normal  acuteness. 

Toothache  {Odontalgia). — The  pathological  cotiditions  that  give  rise 
to  toothache  are  so  various,  and  the  anatomical  difliculties  in  the  way 
to  direct  localisation  of  the  current  in  the  affected  nerve  are  so  great, 
that  uniform  results  from  electrical  treatment  cannot  be  expected. 

The  familiar  cause  of  toothache  is  exposure  to  cold.  Although  the 
nerves  connected  with  decayed  teeth  are  more  liable  to  be  affected 
after  such  exposure,  yet  the  nerves  of  any  or  of  all  the  teeth,  even 
when  they  are  perfectly  sound,  may  also  becorae  hvpenEsthetic  and 
cause  exceeding  distress,  either  from  exposure  to  cold,  or  from  anaemia 
or  nervous  exhaustion.* 

The  applications  may  be  external  or  internal,  either  with  the  faradic 
or  galvanic  currents.  The  galvanic  is  preferable,  since  by  it  we  can 
better  put  the  irritable  nerve  in  a  condition  of  anelectroionos  (see  p. 
a8i).  Externally  a  moistened  sponge  electrode  connected  with  the  posi- 
tive |X)le  may  be  applied  for  a  few  minutes  over  the  seat  of  the  pain, 
while  the  other  is  held  in  the  hand  of  the  patient 

The  ap[)lication  may  be  made  internally  by  means  of  a  small  insulated 
electrode,  with  a  metallic  extremity.  (The  nasal  or  laryngeal  electrode 
will  serve  the  purpose.) 

In  both  the  external  and  internal  applications  it  is  well  to  begin  with 
a  mild  current,  and  gradually  increase  it  up  to  the  point  where  the 
patient  can  conveniently  bear  it. 

Osone  and  Ozonised  Oxygen. — When  sparks  of  electricity  pass  be- 
tween two  metallic  plates,  a  peculiar  odorous  principle  is  developed^ 
which  has  been  termed  ozone  (from  o^«,  to  smell).  This  odor  is  observed 
during  experiments  with  apparatus  for  statical  electricity,  while  the  elec- 
tricity is  passing  from  a  point,  when  a  discharge  from  a  strong  battery  is 
sent  through  a  number  of  sheets  of  paper,  and  also  after  an  object  has 
been  struck  by  lightning.  As  long  ago  as  1785,  Von  Marum  observed 
that  electrified  oxygen  gave  forth  an  odor  nuich  like  that  which  is  ob- 
served after  a  lightning  stroke.  This  odor  was  usually  described  as  "  sul- 
phurous." Mr.  Schonbein,  who,  in  1840,  first  called  formal  attention  to 
ozone,  first  discovered  that  it  appears  at  the  positive  pole  in  the  elec- 
trolyzation  of  water. 

*  Frommhold  gives  an  bteresting  chapter  on  Odontalgia  Rbeumalica.  See  hit 
Electrolherapie  mit  besonderer  RQcksicht  auf  Ne^veo•K^Ulkheiter^  1&65,  p.  404. 
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The  observer  also  found  that  this  pecuh'ar  odoriferous  principle  can  be 
preserved  in  glass  vessels  for  a  very  long  dme.  The  odor  may  be  pre- 
vented from  appearing  by  raising  the  temperature  of  the  liquid  to  a 
boiling  point,  and  it  may  be  at  once  neutralized  by  the  addition  of 
quite  small  quantities  of  jjulverized  charcoal,  tin,  zinc,  iron,  lead,  an- 
timony, bismuth,  or  arsenic,  by  a  little  mercury,  or  by  introducing  into 
the  substance  red  hot  platinum  or  gold.  It  is  produced  by  the  slow 
oxidation  of  phosphorus.  It  is  disengaged  from  solutions  of  a  number 
of  the  salts,  and  fron^  diluted  nitric,  phosphoric,  and  sulphuric  acid&. 

Mr.  Gann  concluded,  from  his  experiments,  that  this  odor  may  be 
evolved  from  all  metals,  provided  they  are  so  treated  as  not  to  become 
oxidized  or  to  combine  with  other  metals.* 

7Vj/j. — The  test  for  ozone  proposed  by  Schonbein  was  a  paper 
moistened  with  a  solution  of  iodide  of  potassium  and  starch.  The 
ozone  sets  free  the  iodine  and  gives  the  starch  a  dee|>blue  color. 

General  Propertits. — Ozone  is  active,  intensified  oxygen.  Like 
oxygen,  it  has  a  powerful  oxidizing  action.  It  is  about  half  as  heavy 
as  oxygen,  and,  at  a  temperature  of  290**  (Cent,),  is  changed  back,  into 
ordinary  oxygen.     It  is  only  soluble  in  oil  of  turpentine. 

Ozone  exists  in  the  atmosphere  in  greater  or  less  quantity,  which  is 
believed  to  vary  with  the  atmospheric  conditions,  and  to  exert  a  definite 
and  f»owerful  influence  on  the  health,  although  i)recise  and  satisfactory 
demonstration  of  the  nature  and  extent  of  the  laws  of  this  influence  is 
yet  wanting. 

According  to  the  experiments  of  Prof.  SchSnbein,  Messrs.  Martigiier, 
Marignac,  De  la  Rive,  Becquerel,  Frdmy,  and  others,  it  would  appear 
that  ozone  is  only  a  pecuhar  form  of  oxygen  produced  by  electricity — a 
change  analogous  to  that  which  the  solar  rays  bring  forth  in  chlorine— 
and  that  its  presence  in  certain  quantities  is  essential  to  health.  Ac-  ! 
cording  to  Dr,  Boeckel,  Prof.  Schonbein,  and  Dr.  BiHiard,  the  presence 
of  cholera  or  malaria  is  attended  by  the  absence  of  o/one.f  It  is/ojjrr- 
ble  that  ozone  has  more  or  less  share  in  the  variations  of  the  ]>hysical 
conditions  that  have  been  ascribed  to  changes  in  the  conditions  of  atmos* 
pheric  electricity.  Ozone  is  found  to  be  especially  abundant  in  the 
atmosphere  after  a  thunder-storm.  It  is  also  supposed  to  be  produced 
by  decay  and  the  growth  of  plants.  It  destroys  the  impurities  of  the 
air  miasms  by  producing  oxidation.     It  has  been  estimated  that  "a^ 

•  Lectures  on  Electricity  by  Henry  M.  Noad,  London,  1844,  p.  233. 

+  On   the  Influence  of  Variations  of  Electric  Tcn«on  as  the  remote  Caux  of  \ 
Epidemic  and  other  Diseases.      By  Wm.  Craig,  1S64,  p.  424.     See  also  Cornelius 
Fox  on  OsoQC  and  Anlozone,  for  a  risumfe  of  what  is  known  of  this  sufa|ect. 
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volume  of  air  containing  jr^  of  ozone  will  purify  540  volumes  of  pu- 
trid air."  In  the  arts  ozone  has  been  utilLsed  for  bleaching  and  disin- 
fecting. 

Physiological  and  Tfterapeuticat  Effects  of  Oz&ne. — The  physiological 
effects  of  ozone  have  been  studied  both  on  man  and  on  animals.  It  is 
believed  that  the  bracing  and  inspiring  effect  of  a  clear>  crisp,  and 
sparkling  moming,  is  due  in  part  to  the  great  amount  of  ozone  in  the 
atmns()hcre.*  When  it  is  held  in  combination  with  ox)'gen  or  common 
air,  it  acts  much  hke  oxygen,  but  more  powerfully.  It  affects  the  pulse, 
the  respiration,  and  the  circulation,  in  various  ways,  according  to  the 
quantity  taken,  and  the  temperament  of  the  individual  In  this  respect, 
it  behaves  like  electricity.  It  has  been  thought  that  ozone  is  formed 
in  the  body  from  the  contact  of  oxygen  gas  with  the  blood,  and  there 
are  those  who  believe  that  it  is  absorbed  with  the  ozone  in  the  air,  and 
is  carried  into  the  blood,  where  it  takes  part  in  the  process  of  oxidation. 

There  is  a  possibility,  if  not  indeed  a  j>robability,  that  electricity,  in 
its  passage  through  the  body,  generates  ozone  in  very  minute  quantities, 
through  the  electrolytic  and  other  changes  that  it  produces,  and  the 
theory,  that  the  beneficial  effects  of  electrization  are  in  part  due  to  the 
ozone  thus  generated,  has  some  plausibility.  But  on  all  these  subjects 
very  little  is  known.  Experiments  made  in  the  laboratory  with  ozone, 
artificially  i>repared,  are  highly  suggestive.  Catarrhal  sym|)toms  and 
attacks,  much  resembling  epidemic  influenza,  are  produced  by  long 
breathing  air  laden  with  ozone.  It  is  stated  that  it  would  be  difficult  to 
distinguish  between  the  symptoms  of  influenza  and  the  symptoms  of 
an  over-dose  of  ozone.  Experiments  on  animals  have  shown  that  irrita- 
tion of  the  mucous  lining  of  the  throat  and  nostrils,  with  febrile  symp- 
toms and  congestion  of  the  lungs,  may  be  quickly  excited  by  breathing 
air  containing  a  large  percentage  of  ozone.  If  animals  are,  for  a  long 
time,  subjected  to  ozone,  they  perish.  In  their  susceptibility  to  it, 
however,  they  vary  widely.  A  rabbit,  breathing  air  mingled  with  yTsVajr 
of  its  weight  in  ozone,  has  died  in  two  hours.  Mice,  breathing  air  about 
x^^  of  ozone,  have  died  immediately.  Rats  are  more  susceptible 
than  guinea-pigs,  and  guinea-pigs  are  more  susceptible  than  rabbits. 
Pigeons  are  quite  tolerant  of  ozone,  and  frogs  are  proof  against  it,  pro- 
vided they  have  abundance  of  water.  Birds  are  specially  tolerant  of 
this  agenc,  as  might  naturally  be  inferred,  since,  in  the  higher  strata  of 
the  air,  where  they  fly,  ozone  is  more  abundant  than  near  the  earth. 

A  convenient  apparatus  for  the  inhalation  of  ozonized  o.xygen  is  that 

♦  Dr.  Baldwin  Am.  Jour.  Med.  Sciences,  Oct.,  1874)  gives  observations  that  op- 
pose tlus  theory. 
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reduced  by  general  faradization  and  central  galvanization  we  have 
abundantly  established  by  many  observations,  and  the  greater  tonic 
effects  of  these  methods  of  using  electricity  are  now  conceded  every- 
where. 

The  introduction  of  these  methods  to  the  treatment  of  acute  and  sub- 
acute diseases  offers  a  great  field  for  enterprising  general  practitioners. 

Dr.  Glax  treated  thirty  cases  of  typhoid  fever  by  galvanization  of 
the  cervical  sympathetic,  and  succeeded  in  reducing  the  temperature 
and  diminishing  the  fever. 

In  convalescence  from  any  acute  disease,  general  faradization  and  cen- 
tral galvanization  are  a  great  assistance,  and  have  been  considerably 
used  for  that  purpose  by  ourselves  and  other  observers. 

Obesity. — Obesity  has  been  treated  by  powerful  faradization,  with  a 
view  to  produce  absorption  of  the  adipose  tissue,  and,  it  is  claimed,  with 
some  success.    The  applications  are  directed. through  the  abdomen. 

Cirrhosis  of  the  Liver. — ^The  pains  that  accompany  this  disease  may 
be  relieved  by  various  electrical  applications,  and  it  is  every  way  pro- 
bable that  the  disease  might  be  arrested,  in  some  cases  at  least,  pro- 
vided the  treatment  was  begun  early  and  faithfully  carried  out 
44 
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Electro-surgery  is  that  branch  of  eUctro-thtrapeuiics  which  includes 
the  electrical  treatment  of  the  diseases  commonly  known  as  surgical. 

Besides  the  four  medical  applications  of  electricity, — localized  fara^ 
dization,  localized  galvanization,  general  faradization,  and  central  gal- 
vanization— all  of  which  may  be  used  for  surgical  diseases,  it  includes 
galvano-cautcry  and  electrolysis^  both  of  which  may  be  regarded  as  pe- 
culiar to  this  department. 

History  of  Electro-Surgery. — The  history  of  surgical  electricity, 
though  to  a  considerable  degree  interwoven  mth  the  history  of  electro- 
therapeutics in  general,  is  yet  sufficiently  distinct  to  entitle  it  to  special 
consideration. 

Electro-surgery  was  born  in  one  of  the  darkest  eras  of  electro-thera- 
peutics, the  decade  just  preceding  the  great  discovery  of  induction  by 
Faraday,  in  1831,  The  distrust  and  neglect  with  which  at  this  period 
especially  electrotherapeutics  was  regarded  by  men  of  science  was  due 
partly  to  the  reaction  that  inevitably  followed  the  extravagant  hopes 
that  had  been  raised  on  the  discovery  and  po]>ulari/.ation  of  the  voltaic 
pile  at  the  beginning  of  the  century  j  partly  to  the  inconstancy  and  un- 
reliability of  the  pile  itself,  partly  to  the  almost  absolute  ignorance  of 
the  profession  concerning  the  indications  for,  the  effects  of,  or  the 
methods  of  using  electricity ;  and  partly  also  to  the  fact  that  it  was  con- 
founded with  mesmerism,  which,  after  creating  absurd  and  wide-spread 
excitement,  had  fallen  into  deserved  and  permanent  neglect. 

It  was  in  the  middle  of  this  era,  in  the  year  1825,*  when  the  cause 
of  electro-therapeutics  seemed  hopelessly  lost,  that  SarSandiere  f  called 
renewed  attention  to  this  despised  agent  by  proposing  the  employment 
'  oi  electro-puncture,  in  order  to  bring  the  current  more  directly  to  bear 
on  the  deeper  tissues.  The  first  experiments  were  made  with  statical 
electricity. 

The  subject  was  afterwards  studied  by  Magendie,  who  used  electro- 

*  Two  years  previously  (1823)  Provost  and  Duma*  had  attempted,  with  some  suc- 
cess, the  dissolution  of  cakdi  of  ihc  bladder  in  animals;  and  many  years  before 
some  surgical  diseases  had  t>«cn  treated  electrically,  but  the  subject  was  not  systcmali* 
,  •tally  studied  until  1825. 

\  M6rooires  sur  Tclcctro-puncture,  Paris,  1825. 
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puncture  with  the  galvanic  current  (galvano-puncture)  in  the  treatni 
of  various  diseases.     At  first  electro-puncture  was  used  medically  moi 
than  surgically.     The  treatment  of  aneurisms  by  this  method  was  of 
later  date. 

The  idea  of  causing  coagulation  of  the  blood  by  galvano-puncture  w, 
originally  suggested  by  Scudamore,  and  in  1831  Gut^rard,  Pravaz,  ar 
Leroy  d'Etiolles  proposed  the  treatment  of  aneurism  by  this  metho 
which  was  first  practised  by  B,  Phillips,  about  the  year  1832,*  and  afie 
wards  stiidied  by  Listen. 

In  1839  Schuster  successfully  employed  electro-puncture  for  the  treal 
ment  of  hydrocele  and  other  serous  effusions,  and  in  1843  he  report 
his  successes  to  the  French  Academy. 

In    1839,   and  the  following  year  also,  Crussel,  whose  name  is 
prominent  a  figure  in  the  histor}'  of  electro-surgery,  began  his  investig^ 
tions  on  electrolysis.f     His  experiments  excited  little  interest  in 
profession. 

In  1843,  s-lso,  Steinheil  and  Heider  suggested  the  theory  that  th 
nerves  of  teeth  might  be  killed  by  placing  a  platinum  wire,  heated  b 
the  passage  of  a  galvanic  current,  in  the  cavity,  and  in  1845  Held 
first  successfully  employed  this  method.  He  used  for  this  piupo! 
one  very  large  element  of  Grove.  The  operation  took  but  a  fe 
seconds. 

In  1846,  Crussel,  whose  name,  as  we  have  seen,  is  also  to  be  remen 
bered  as  the  founder  of  electrolytic  treatment,  successfully  removed  1 
tlie  heated  platinum  wire  a  "  laige  fungus  ha;raatodes,  situated  in  th 
frontal  and  ocular  region," 

In  the  same  year  Petrdquin,  of  Lyons,  obtained  successful  results 
the  treatment  of  aneurisms  by  galvano-puncture.     The  year  1846  ma; 
therefore  be  regarded  as  one  of  special  significance  in  the  history 
electro-surger}'.     About  this  time  also,  the  same  treatment  was  used  bj 
l^urci,  of  Italy. 

In  1847  Bertani  and  Milani  first  treated  varicose  veins  by  galvano 
puncture.     In  the  same  year  Cnissel  published  his  method  of  trcati 
ulcers  by  availing  himself  of  the  electrolytic  powers  of  the  galvanic  cui 

•  Erichscn's  Surgery,  p.  513. 

f  Frommhold,  Elect rotherapie  mit  besonderer  Riicksicht  auf  Nerven-Knnkhcitei 
Pc»l,  1865,  p,  104- 

The  first  experiments  with  electrolysis  were  made  much  earlier  than  ihi» ;  stao( 
according  to  Brenner,  Mongiardini  and  Lando  had  used  a  needle-shajied  etectrodt 
connected  with  the  negative  pole  (probably  of  a  volt.^ic  pile,  which  was  then  just  con 
ms  it\i<>  notice),  for  the  treatment  of  gangrene.  D^//*  afplkaxiont  del  Gaiv^msm 
mli*  mtitkina^  Giuava,  1803. 
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rent.  This  author  observed  that  when  two  metallic  plates  are  con- 
nected with  the  poles  of  a  galvanic  apparatus,  and  applied  to  the  body, 
very  different  effects  were  produced  at  the  two  poles — the  positive  act- 
ing like  an  acid,  and  making  harder  the  tissue  ;  the  negative  like  an 
alkali,  and  causing  an  increase  of  fluid.  On  the  strength  of  this  ob- 
servatiouj  Cnissel  treated  ulcers  and  cancers  by  a  flow  connected  wth 
the  positive  pole  of  the  apparatus^  while  the  negative  was  in  the  hand 
of  the  patient.  The  result  of  this  treatment  was  to  cause  a  scab  to 
form,  which  fell  off,  leaving  the  sore  siijaller  and  more  healthful  in  ap- 
pearance.    Repeated  treatment  of  this  kind  wrought  cures. 

In  the  same  and  the  following  year,  Cnissel  formally  called  the  at- 
tention of  the  profession  to  "the  electrolytic  method  of  cure."  *  For 
the  treatment  of  strictures  another  method  was  subsequently  inves- 
tigated by  Willebrand,  Wells,  Ciniselli,  and  has  recently  been  revised 
by  Scouteten,  Mallez,  Tripicr,  and  others.  In  1850  Marshall  sug- 
gested and  successfully  employed  the  galvano-cautery  in  the  treatment 
of  fistulse. 

In  1852  Baumgarten  and  Wertheimer,  with  the  co-operation  of  Mal- 
gaigne,  successfully  operated  on  an  aggravated  case  of  varicose  veins  in 
the  arm. 

In  1852,  also,  Ciniselli, f  who  still  cultivates  with  distinguished  suc- 
cess the  department  of  electrolysis,  first  established  by  experiment  that 
the  alkalies  apfyear  at  the  negative^  and  the  acids  at  the  positive  pole. 
His  method  of  demonstration  was  to  lay  a  piece  of  flesh  across  the 
edges  of  two  vessels  filled  with  distilled  water,  and  alternately  con- 
necting each  of  the  vessels  with  a  pole.  The  acids  were  found  m 
the  vessel  containing  the  positive  pole,  and  the  alkalies  in  the  ves- 
sel containing  the  negative.  The  piece  of  flesh  was  shmnken  and 
burned.J 

In  1853  Ellis  first  used  the  heated  platinum  wire  for  cauterization 
of  the  cervix  in  inflammations  and  ulcerations.  In  this  same  year 
Hall  siicessfully  treated  a  case  of  ununited  fi*acture  by  galvanopunc- 
ture. 

A  great  and  important  impulse  was  given  to  galvano-cautery  by 
MiddeldorpflF,  who,  in  1854,  published  his  celebrated  work  on  the  subject.  || 


*  Die  ElectroJylischc  HcUmethode.     Ncue  Med.-Chir.   Zeitung,    1847,    No.    7. 
Med.  Zeitung  Russlands,  1847  and  1S4S.     Quoted  by  Meyer,  op.  cit.,  p.  474- 
\  Dell'  azione  chimica,  dell'  electricita,  Cremona,  1852. 
X  Brenner,  Untcrsachungen  und  Beobachtungen  auf  dem  Geblcte  der  Elektrother* 

.  Bd.  ii.,  p.  165. 
fcTheGalv.^o-Catts;ic,  Breslau,  1854. 
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Eras  of  extravagant  expectation  have  been  followed  by  eras  of  indif- 
ference, although  with  surgical  electricity  the  contrast  has  been  much 
less  marked  than  with  medical.  The  interest  that  was  aroused  by 
the  introduction  of  elcclro-puncture  in  1825,  of  electrolysis  and  gaU 
vano-cautery  in  1S46-47,  was  followed  by  a  reaction  of  neglect  that 
allowed  the  whole  subject  to  sink  into  nearly  absolute  forgetfulness. 
The  progress  of  surgical  even  more  than  of  medical  electricity  has  been 
impeded  by  want  of  convenient  and  reliable  apparatus,  and  by  this  dif- 
ficulty is  explained  the  fact  that  so  few  workers  have  entered  this  most 
promising  field.  While  the  number  of  experimenters  in  medical  elec- 
tricity, both  in  the  profession  and  otit  of  it,  and  in  various  countries,  is 
very  large,  including  very  many  of  the  ablest  WTiters  of  modern  medical 
literature,  the  practice  of  distinctly  surgical  electricity  has  been  con- 
fined to  a  few,  and  the  authors  by  whom  it  has  been  really  advanced 
could  be  counted  on  one's  fingers. 

Surgical,  unlike  medical  electricity,  has  been  studied  and  pursued 
mainly  by  men  of  science,  and  the  ])rogress  that  has  been  niade  in  it 
has  been  much  more  frequently  the  direct  result  of  scientific  observa- 
tion and  experiment.  Those  physicians  who  have  made  eras  in  medi- 
cal electricity  have  done  so  by  improving,  developing,  systematizing, 
and  introducing' to  the  profession  methods  of  treatment  which  either  by 
charlatans  or  others  had  been  substantially  known  and  practised  before 
them.  Sarlandiere,  Stenheil,  Heider,  and  Crussel,  on  the  contrary, 
first  suggested  and  employed  as  well  as  introduced  to  the  profession 
electro-puncture,  galvanocaulerj',  and  electrolysis. 

Another  important  distinction  is  this,  that  nearly  all  the  surgical  dis- 
eases for  which  electricity  is  employed  have  been  treated  wHth  more  or 
less  success  by  other  methods,  while  in  many  of  the  medical  diseases  in 
which  electrization  has  been  most  successful  it  has  been  the  chief,  and 
in  Sonne  the  only  dependence. 

Finally,  it  should  not  be  forgotten  that  the  surgical  successes 
achieved  by  electricity  have  been  of  great  service  to  electro- therapeu- 
tics in  general.  A  surgical  operation  appeals  to  the  eye  and  to 
mechanical  skill,  while  medicine  appeals  more  to  the  higher  and  rarer 
qualities  of  reason  and  imagination.  Many  who  fail  to  comprehend  a 
complex  medical  fact  or  princi|»le  may  be  fascinated  and  carried  to  en- 
thusiasm by  whatever  strikes  the  senses.  Hence  we  find  that  the  sug- 
gestion of  electro-puncture  in  1825  revived  an  interest  in  electricity 
that  its  purely  medical  applications  failed  to  sustain,  and  from  that 
time  to  the  present  the  fortunate  operations  of  gal  vano-cautery  and 
electrolysis  have  aroused  the  attention  of  many  who  had  no  faith  in 
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and  no  comprehension  of  the  remarkable  powers  of  electriciry  1 
nutrition. 

Temperament  of  the  Patient  less  important  in  Surgical  than  in  MA 
cal  Electricity. — In  medical  electricity,  as  we  have  seen,  the  resiiltS'l 
treatment  largely  depend  on  the  temperament  Some  can  bear  alrac 
any  amount  of  electrical  treatment,  others  can  bear  but  a  little,  aoii 
others  still  can  bear  none  at  all  (see  p.  291).  We  have  seen  in  fl 
chapter  on  Hysteria  and  allied  Affections  that  symptoms  for  whfoi 
electricity  is  peculiarly  adapted,  and  over  whicJi  its  greatest  victories  are 
obtained,  sometimes  refuse  to  yield  and  are  indeed  aggravated  when  J 
form  of  electricity  is  used  by  any  mode  of  application,  for  the  rca 
that  the  temperament  of  the  patient  contra-indicates  electricity.  Tfl 
perainents  that  will  not  bear  electricity  at  all  or  but  little  are  qq 
frequently  found,  especially  among  the  better  classes.  In  surgical  ( 
eases  that  are  treated  by  distinctively  sur^gica!  applications  of  electi 
ty  the  temperament  need  not  usually  be  taken  into  account.  ElcctrS 
surgical  operations  are  of  a  thermal  or  chemical  character,  and  arc  Ml 
dependent  for  their  success  on  the  idiosyncrasy  of  the  patient, 
have  seen,  furthermore,  that  the  electro-susceptibility  of  patients  1 
appear  either  in  the  form  of  faraiio-susceptibility  or  ^alvano-susce^ 
bility—soxne  who  can  bear  and  be  benefited  by  the  faradic  curre 
cannot  bear  tlie  galvanic,  and  vice  versa.  In  electro-surgical  operatii 
tlie  possibility  of  these  special  idiosyncrasies  need  not  be  consider 
It  is  true  that  patients  behave  very  differently  after  electro-surg 
operations,  that  some  suflfer  from  irritative  fever  and  others  do 
and  these  differences  of  effect  may  very  likely  be  due  to  differen 
of  electro-susceptibility,  but  such  differences  are  not  usually  of 
ciently  serious  importance  to  require  consideration. 
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The  definition  and  derivation  of  electrolysis,  as  well  as  its  general 
laws  and  phenomena,  have  already  been  given  (see  FJectro-Physics, 
Chapter  IV,).  Its  physiological  relations  have  also  been  presented  in 
considerable  detail  (see  Electro- Physiology,  p,  gi).  It  remains  for 
us  here  to  speak  only  of  electrolysis  in  its  surgical  relations,  and  to 
describe  the  rules  and  methods  of  the  various  operations  in  which  it  has 
been  found  of  service.  Electrolysis  in  surgery  is,  however,  so  closely 
dependent  on  electrolysis  in  physics  and  physiology,  that  no  one  can 
intelligently  utiUie  and  explain  it  in  ojierative  procedures  who  does 
not  also  understand  its  physical  and  physiological  relations. 

The  term  electrolysis  is  a  general  one,  and  signifies  decomposition 
by  electricity.  As  such  it  applies  to  the  electrical  decomposition  of  in- 
organic as  well  as  organic  substances,  and  of  animal  tissues,  whether  in 
health  or  in  disease,  living  or  dead.  Practically,  however,  the  term  is 
now  pretty  well  restricted,  in  electro-therapeutical  language,  to  the 
electrical  decomposition  of  morbid  growths,  or  to  parts  affected  by 
chronic  inflammation,  by  means  of  some  form  of  needle  electrodes,  and 
although  more  or  less  electrolytic  action  t.akes  place  in  all  applications 
of  the  galvanic  current  externally  or  internally,  yet  the  term,  when  ap- 
plied to  any  electrical  operation,  is  understood  to  imply  that  electro- 
lytic action  was  the  leading  effect  sought  for,  and  that  it  was  obtained 
by  needles,  or  at  least  by  some  form  of  metallic  electrode  more  or  less 
pointed  at  the  extremity. 

On  the  other  hand,  when  electrodes  with  very  large  surface  are  used, 
with  a  view  to  chemical  effect,  and  the  transfer  of  fluids  with  absorption, 
the  process  is  called  catahsis.  Catalysis  depends  in  ]>art,  at  least,  on 
electrolysis,  and  the  distinction  between  the  terms,  which  has  been  ob- 
served by  electro-therapeutists  is  practical  rather  than  scientific. 

Theory  of  Electrolysis  of  Morbid  Living;  Tisiue.  —  For  electrolysis, 
living  as  compared  with  dead  tissue  has  the  twofold  advantage  that  its 
solutions  are  wanner  and  therefore  belter  conductors,  and  that  it  is 
zrapable  of  the  processes  of  absorption. 
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VAHicn  needles  connected  with  the  poles  of  a  galvanic  battery ; 
inserted  into  a  tnmor,  a  threefold  action  is  produced. 

1 .  Decomposition  of  its  fluid  Constituents. — Hydrogen  and  alkali« 
soda,  potassa,  etc.,  go  to  the  negative,  and  oxygen  and  acids  to 
positive.     The  special  character  of  these  electrolytic  phenomena 
depend  on  the  character  of  the  tumor,  and  the  rapidity  oi  the  actio 
will  be  proportioned  to  the  relative  amount  of  its  fluid  constituents, 
tlie  body  is  mostly  composed  of  water  holding  salts  of  potash,  soda,  cK 
in  solution,  it  is  a  good  electrolyte,  and  in  most  of  the  conditions  of  < 
ease  uiulcrgoes  rapid  decomposition.     Scirrhus  and  fibroids,  when 
ami  firm,  require  considerable  strength  of  current,  and  are  electrolyse 
with  comparative  slowness.     Erectile  tumors,  which  are  almost  enlir^ 
of  fluid  com{)Osition,  can  be  electrolyzed  Kcry  rapidly.     Although  t\t 
trolytic  action  takes  place  at  both   poles  when  inserted  in  tumors,  i 
when  inserted  in  inorganic  substances,  yet  this  action  on  the  whole  ) 
pears  to  be  the  more  vigorous  and  more  effective  for  causing  absorptid 
and  disintegration  at  the  negative  pole,  and  in  practice  this  polel 
usually  found  to  be  the  more  efficacious,  although  successful  results  < 
obtained    by  the   positive  pole  or  by  both  combined.      Epithelioma 
being  largely  composed  of  water,  also  decompose  rapidly. 

Reasoning  from  what  we  know  of  the  electrolysis  of  inorganic  su 
stances,  it  is  pro|)er  to  assume  that  in  the  electrolysis  of  a  maligna 
tumor,  for  example,  the  many  chemical  substances  of  which  it  is  ( 
posed  undergo  manifold  combinations  and  recombinations,  the  prect^ 
nature  of  which  cannot  well  be  fully  divined,  and  the  practical  cffei 
of  which  in  causing  discussion  of  the  tumor  can  only  be  deterrained  1 
extended  clinical  experience. 

2.  Absorption. — .Absorption  may  be  hastened  both  by  the  chcraic 
changes  that  take  place,  and  also  by  the  mechanically  irritating  effo 
of  the  needles  and  the  transference  of  the  anions  and  cations.  IT 
absorj)tion  takes  place  both  during  and  after  the  treatment.  In  son 
cases  it  is  not  at  all  observed  during  the  operation,  but  goes  on  slov 
for  weeks  following.  Stimulation  of  absori^tion  is  especially  markO 
when  electricity  acts  on  hydrocele  and  cystic  tumors. 

3.  Disintcjrration  ami  Atrophy. — As  a  result  of  the  decomj>ositi<j 
and  absorption,  and  associated  with  them,  the  tissues  become  dric 
separated,  shrivelled,  and  the  tumor  decreases  in  bulk  and  may  entire 
disappear.  All  these  processes,  or  rather  tlie  effects  of  these  proccsse 
may  be  distinctly  observed  during  the  electTol)'sis  of  any  small  we 
mole,  naivus,  or  wart,  both  during  and  after  the  operation.  Shon 
after  the  needle  is  inserted,  the  growth  will  be  seen  to  change  in  cole 
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the  skin  soon  begins  to  shrivel  and  contract,  like  an  apple  when  it  is 
baking.  The  next  day  the  growth  will  be  still  smaller,  and  perhaps 
nearly  or  entirely  obliterated. 

Apparatus  for  Electrolysis. — Electrolytic  action  is  chiefly  obtained 
by  the  galvanic  current.,  although  there  is  little  question  that  the  faradic 
current  (both  the  electro-magnetic  and  magneto-electric)  has  more  or 
less  electrolytic  power,  and  the  magneto-electric  current  has  been  used 
in  electro-plating. 

The  magneto-electric  rotary  machine,  as  constructed  by  Saxton  or 
Stohrer,  is  capable  of  producing  electrolysis.*  It  has,  however,  for 
this  purpose,  in  therapeutics  at  least,  no  advantage,  and  decided  disad- 
vantages as  compared  with  the  galvanic  current. 

//  has  been  shown  tliat  for  the  purposes  of  gahano-cauUry  quantity 
with  moderate  tension  urns  required,  and  that  this  was  obtained  by  a 
few  large  elements  ;  for  the  purposes  of  electrolysis  tension  ivith  mod- 
eraie  or  fair  quantity  is  required^  such  as  is  obtained  by  a  considerable 
number  of  elements  of  medium  size  (see  chapter  on  Ohm's  Law  in 
Electro-Physics,  p.  77). 

Any  of  the  galvanic  batteries  described  in  the  chapter  on  ajiparatus, 
can  be  used  for  electrolysis.  The  zinc-carbon  batteries  are  the  best 
for  the  purposes  of  electrolysis,  but  with  the  cabinet  battery  and  with 
most  of  the  combinations  and  modifications  of  Daniell's  cells,  the  elec- 
trolytic action  is  comparatively  feeble,  and  only  answers  for  trifling  oper- 
ations. Deficiency  in  electrolytic  power  in  a  battery  may  to  a  certain 
extent  be  compensated  by  protracted  applications. 

Methods  of  Testing  the  Electrolytic  Batteries. — Batteries,  may  be  ap- 
proximately tested  with  a  view  to  ascertaining  their  comparative  advan- 
tages for  electrolytic  operation,  by  tlie  amount  of  deflection  they  cause 
to  tlie  needle  of  the  galvanometer  of  known  construction  (p.  46)  ;  by 
the  rapidity  and  aniount  of  decomposition  which  they  cause  in  simple 
compounds,  such  as  acidulated  water,  iodide  of  potassium,  or  common 
salt,  and  by  their  capacity  for  healing  platinum  wire  (p.  82). 

An  approximate  test  for  tlie  qualities  that  are  needed  in  electrolytic 
operations  is  found  in  the  deconiposition  of  iodide  of  potassium.  The 
rapidity  with  which  this  yields  to  the  current  of  a  battery,  and  the 
amount  of  iodine  evolved  in  a  given  time,  very  fairly  indicates  the 
capacity  of  that  battery  for  electrolytic  purposes. f 

♦  See  Frommhold's  Electrotherapie  mit  tjesomlcrer  KUcksicht  »uf  Nervea-Krank* 
beiten.     Pest,  1865,  p.  104. 

f  In  experimenting  with  galvanic  bftttcric*  care  must  be  taken  to  avoid  fi'iv^ucnt  « 
long-continued  connection  of  the  tttetaltic  portlcns  of  tJie  electrodes,  since,  on  account 
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Needles. — For   producing   electrolysis   in    tissues  beneath   the  ski 
fine  needles  of  gold  or  gilded  steel  are  used.     The  advantage  of  th 
gold  is  that  it  resists  oxidation  better  than  any  other   metal.      Gol 
or  gilded  needles  can,  however,  be  used  only  with  the  negative  pol( 
since  with   the   positive  tliey  would  be   acted  on.      The   conductoi 
may  be  composed  of  two,  four,  six,   eight,  or  more    needles.      Th 
needles  may  be  insulated  with  hard  rubber,  or  collodion,  or  sheila 
for  about  one-third  of  their  length,  so  that  when   introduced  into 
tumor  the  skin  may  not  be  acted  on  and  inflammation  excited.     In 
sulation,  however,  is  only  necessary  in  those  cases  where,  as  in  sul 
cutaneous  naevi,  it  is  desirable   that   the  skin  should  not  be  affecte 
by  the  current 

The  shape  of  the  point  is  of  considerable  importance.  Roun 
needles  are  introduced  with  difficulty.  The  bayonet-pointed  needli 
are  preferable.  The  common  glover's  needle,  as  sold  in  the  fane 
stores,  we  have  found  to  be  easier  of  introduction  than  any  oth( 
form. 

Althaus  has  employed  a  conductor^  a  modification  of  which  is  repro 
sen  ted  in  the  following  cut : 


Fic.  147. 
Conductor  for  Electrolysis. 

This  consists  of  a  conducting  wire,  composed  of  a  number  ofsma 
wires  twisted,  with  a  number  of  branches,  each  one  of  which   is 
arranged  that  it  can  be  attached  to  a  needle  after  it  has  been  introduc 
into  the  part  to  be  treated. 

The  advantages  of  this  arrangement  are  that  one  needle  or  mo 
can   be  used,  and  that  llie  number  can  at  pleasure  be  increased  or" 
diminished  during  the  operation,  and  that  the   needles  can  be  intro- 

of  the  feeble  resistance  thus  ofTered — metaU  Ixing  far  better  conductors  than  the  Iil| 
man  borly — powerful  action  takes  place  in  the  cells  (.is  is  sho»vn  by  the  active  evoliu 
tion  of  gase^  attended  with  a  bulling  or  hissing  sonnd),  which,  if  allowed  to  coatinn 
taii  holes  in  an,l  rapidly  consutnu  th*  titu. 
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luced  in  any  direction.  In  the  conductor  which  we  have  constructed, 
.nd  which  is  represented  in  the  cut  (Fig,  147),  the  needles  are  united 
o  the  conducting  wires  by  being  inserted  in  miniature  cups  or  cavities 
it  the  end  of  the  wires. 


i 


Fig.  X48. 
Bayonet-pointed  Needles  for  Electrolysis, 
insulated  and  non-insulated  (Kidder). 


Fig.  149. 
Rockwell's  Long  Needle 
for  Electrolysis  of  Uterus 
through  the  Vagina  or  the 
Walls  of  the  Abdomen. 
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Flexible  Copper  Wire  for  Connecting  the  Needles  in  EUftrolytit 
Operations. — These  needles  are  attached  lo  connecting  wires  by  fine 
flexible  copper  wire.  Wire  of  this  kind,  it  may  be  remarked,  is  a  most 
convenient  and  almost  necessary  adjunct  to  an  electrolytic  case,  and  to 
the  operating-room  of  the  electro-therapeutist.     It  is  useful  for  many 


^ 


iiil 

Fig.  151. 
Beard's  Long  Cutting  Needles  for 
Electrolysis  of  the   Base, 
(Ticmajiti  and  Galvauo-Faradlc  Mfg.  Coiji 


Fig,  150. 
Needles  for  ElectrolysiR,  tritli  Rock- 
well's Needle- Holdcis. 

purposes  of  connection,  and  when  thumb-screws  are  out  of  order  or] 
broken  off  it  very  well  supplies  their  place. 

Dr.  Murray,  of  this  city,  has  emi)loyed  needles  insulated  at  bottil 
ends,  leaving  an  uninsulated  portion  in  the  middle.  He  uses  these] 
needles  in  the  treatjnent  of  hydrocele  and  cystic  tumors.     They  are] 
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introduced  so  that  the  insulated  portion  is  on  the  skin,  and  the  unin- 
sulated pKjrtion  within  the  tumor. 

Method  of  Introducing  the  Needles.—The  skin  in  some  parts  of 
the  body  is  quite  tough,  and  needles  go  in  with  much  greater  diffi- 
culty than  one  might  suppose.  The  method  of  introducing  a  hypo- 
dermic syringe  is  tlie  best  method  of  introducing  needles  for  electro- 
lysis. The  skin  may  be  pinched  up  and  kept  tense  with  the  left 
hand,  while  the  right  pushes  in  the  needles  the  required  depth.  If 
it  is  impossible  or  merely  difficult  to  push  the  needles  in  as  far  as  is 
needed,  it  is  better  to  let  on  the  current,  and  allow  a  little  electro- 
lytic action  to  take  place  around  the  needle.  This  will  loosen  it  at 
the  negative  pole  (though  at  the  positive  it  will  have  the  opposite 
effect,  and  bind  it  close  and  firm).  The  negative  needle  thus  loosened 
can  easily  be  pushed  further  in. 

The  pain  attendant  on  the  introduction  of  the  needles  is,  of  course, 
best  combated  by  full  anaesthesia  or  by  ether  spray  ;  but  there  are 
many  cases  where  anaesthetics  are  hardly  required,  where  ether  spray 
cannot  be  conveniently  used,  and  where  it  is  desirable  to  diminish  in 
some  way  the  pain.  A  mixture  of  ether  and  carbolic  acid  in  equal  parts, 
first  suggested  to  us  by  Dr.  Sterling,  has  a  positively  benumbing  effect 
on  the  part  to  which  it  is  applied.  The  mixture  can  be  localized 
to  a  very  small  spot,  and  the  benumbing  effect  begins  to  be  felt  in  less 
than  five  minutes,  and  lasts  for  fifteen  or  twenty  minutes,  varying  with 
the  amount  used.  It  turns  the  skin  a  little  white.  The  disadvan- 
tage in  its  use  is  that  it  sometimes  makes  a  slight  sore  afterward. 

The  benumbing  influence  of  the  faradic  current  may  be  utilized  for 
this  purpose  (see  Electro-Anajsthesia). 

Electrolyzing  the  Base. — During  the  past  three  years  we  have  been 
treating  malignant  tumors  of  various  kinds  by  a  method  of  electrolysis 
which  Dr.  Beard  has  termed  working  up  the  base^  or  electrolysis  of  the 
bcise. 

The  ordinary  method  of  electrolysis  does  not  suffice  for  malignant 
tumors.  It  will  relieve  the  pain,  but  relief  of  pain  can  be  obtained  by 
simple  external  galvanization  without  any  needles.  It  will  cause  a 
certain  reduction  in  size,  but  this  reduction  is  almost  always  limited, 
rarely  exceeding  len  or  twenty-five  per  cent  in  some  cases,  not  the 
slightest  perceptible  reduction  is  caused,  even  by  the  most  persevering 
use  of  electrolysis.  When  powerful  currents  are  used,  there  must,  of 
course,  result  more  or  less  destruction  of  tissue  near  the  point  where 
the  needles  are  inserted,  and  by  successive  operations  the  entire  growth 
may  be  broken  down,  or  may  slough  away  after  the  operations  are  du- 
45 
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continued,  and  it  is  possible  to  extend  the  operations  far  into  the  1 
and  surrounding  tissues.  Some  of  our  first  cases  were  treated  in 
way  ;  but  it  is  to  the  last  degree  awkward,  tedious,  and  involves  a  j 
waste  of  time  and  force. 

Method  of  Operating  by  Electrolysis  of  the  Base, — The  patient  rau 
first  be  fully  etherized.  The  method  of  operating  on  a  smaii  tumor  i(j 
to  first  insert  the  needle  connected  with  the  positive  pole  undemea 
the  tumor  and  near  the  border.  A  similar  needle  connected  with  the" 
negative  pole  is  inserted  also  underneath  the  tumor,  and,  if  possible,  at 
some  distance  below  the  base  of  the  growth,  so  that  the  point  emerges 
on  the  opposite  side.  The  current  is  now  gradually  let  on,  and  the 
strength  increased  until  the  electrolysis  becomes  active,  as  will  be  in- 
dicated by  the  yellowish  foam  that  appears  at  the  negative  pole,  gradu- 
ally loosening  the  needle.  As  the  action  increases,  the  negative 
pole  may  be  slowly  worked  from  side  to  side,  with  a  slight  cutting  mo- 
tion, so  as  to  undermine  the  tumor.  The  positive  meanwhile  remains 
in  situ  ;  it  becomes  firmly  adherent  through  oxidation,  and  need  oot^ 
be  removed  until  the  close  of  the  operation. 


A" 


Electroljrsis  of  tlie  base  in  a  case  of  scirrhns  of  the  breast      Large  and  long  txpr 
tivc  needle  manipulated  by  the  operator  in  the  healthy  tissue,  some  distance  firom  th«^ 
border  of  the  I  amor.     Conneclton  made  by  ordinary  positive  needle  inserted  xu»t  t 
base  of  the  tumor. 


After  the  tumor  falls  off,  through  the  underminmg  of  its  base, 
base  itself  can  be  worked  up  in  all  du-ections  with  the  needles, 
with    the   harrow  electrode   that   we   have  devised   for  this  purpose. 
After  the  removal  of  the  growth,  it  is  well  to  change  the  position  of  the, 
poles  in  working  up  the  base,  so  that  all  parts  of  the  stirfigice  nia|| 
get  the  benefit  of  the  action  peculiar  to  both  poles. 


INSTRUMENTS  USED   IN  ELECTROLYSIS  OF  THE  BASE,  ^0'J 

If  the  tumor  is  a  large  one,  as  an  extensive  epithelioma,  or  scirrhus, 
it  is  better  to  have  it  first  removed  by  the  knife.  The  base  can  then 
be  worked  up  in  the  manner  just  described. 

The  cavity  after  the  operation  has  a  charred  appearance  and  alarms 
the  patient  and  his  friends  unless  they  are  forewarned. 


Fio.  153, 

ETcctrolysb  of  the  base  of  a  sdrrhus  of  the  breast  after  remova]  of  the  tumor  by  the 
knife  Harrow  electrode  connected  with  the  negative  pole  and  long  cutting  needle 
^th.  the  positive  pole. 

The  time  required  in  an  operation  of  this  kind  ranges  between  ten 
minutes  to  a  half  or  three-quarters  of  an  hour.  Some  sweliing  and 
oedema  in  the  surrounding  tissues  follow  the  operation,  but  little  or  no 
pain,  although  the  charred  appearance  of  the  cavity  that  has  been  thor- 
oughly clectrolyzed  is  sometimes  quite  formidable. 

Instruments  Required. — For  this  method  of  working  up  the  base  Dr. 
Beard  has  devised  needles,  or  electrodes,  that  are  quite  different  from 
those  employed  in  the  ordinary  method  of  electrolysis.  The  needles 
are  long,  spear-shaped,  double-edged,  and  tolerably  sharp,  so  that  a  slight 
cutting  action  may  be  combined  with  the  purely  electrolytic  action. 
These  needles  are  not  insulated,  except  in  that  portion  that  is  grasped 
by  the  hand  in  operating.  In  nearly  all  of  these  operations  we  have 
used  the  zinc-carbon  batteries  of  sixteen  or  thirty-two  cells,  and  usually 
those  of  the  Galvano- Farad ic  Manufacturing  Company ;  and  when  a 
good  deal  of  work  is  to  be  done  in  a  short  time,  as  in  important  electro- 
lytic operations,  no  batteries  are  better  than  these.  The  various  mod- 
ificalions  of  Daniell  cells,  which  are  so  excellent  in  central  galvaniza- 
tion, are  not  well  adapted  for  powerful  electrolysis. 

Theory  of  the  Method, — The  most  recent  pathological  investigations 
•ccra  to  point  pretty  clearly  to  the  view  that  cancer,  whatever  the  dia- 
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iMM  mtLf  be,  is  a  local  disease,  and  affects  the  adjacent  parts  and 
|>eB<faI  system  by  actual  transfer  of  the  cancer-cells.* 

If  we  accept  these  views  we  must  also  accept  the  view  that  ft 
mktlimtr  ivmstitutional  treatment  ive  adopt,  should  be  treated  toct 
mmd  ky  nwu  method  of  local  treatment  that  acts  not  only  on  the  body 
Mr  /»r«*r,  hitt  also  and  especially  on  the  surrounding  tissue,  and  that 
mrtur  suek  treatment  is  used  the  better  the  prognosis. 

When  we  remove  the  tumor  and  close  up  the  wound,  we  leave 
areola  mostly  untouched,  and  shut  up  the  cancer  cells  in  a  soil  best  of 
adapted  to  nourish  thera.     Hence  we  need  not  wonder  that  the  di: 
recurs  either  immediately  in  or  near  the  place  of  removal,  or  that 
cclb  wander  to  some  distant  part  where  another  tumor  appears  a^ 
months  or  years.  ■ 

The  morbid  or  semi-morbid  tissues  that  surround  malignant  tumcl 
have  been  treated  in  various  ways  by  caustics,  in  substance,  by  caustk 
needles,  and  by  the  actual  and  galvano-cautery.  So  far  as  we  can  lean 
from  the  experience  of  surgeons  who  have  faithfully  tried  any  one  or 
of  these  n>ethods,  the  results  are  more  satisfactory  than  the  results 
ordinary  treatment  by  the  knife  or  ligature. 

The  theoretical  argimients  that  electrolysis  of  the  base  would 
duce  more  radical  results  than  the  use  of  caustics  are  based  necessa] 
on  our  ideas  of  the  nature  of  the  electric  force  and  of  the  process 
electrolysis.  When  electrodes  connected  with  the  two  poles  of  a 
vanic  battery  are  inserted  into  the  animal  tissue,  the  vibrations  of 
electric  force  not  only  pass  between  the  electrodes,  but  extend  t 
considerable  distance  in  all  directions  from  them,  and  much  furt 
than  the  direct  etfect  of  caustics  would  reach. 

Advantages  of  the  Method. — i.  Less  liability  to  recurrence  of  ma 
nant  tumors. 

We  have  kept  close  watch  of  a  majority  of  the  cases  that  have  b< 
treated  in  this  way  during  the  past  three  years.     In  the  list  of  cases 
found  several  epithelioma  of  the  lips  and  face,  and  one  case  of  maligni 
cystic  of  the  neck.     But  one  of  the  cases  of  epithelioma  of  the  lips 
£»i:e  has  yet  recurred  j  although  the  time  that  has  elapsed  since 
tnNitment  varies  all  the  way  between  three  years  and  four  moi 
ll»e  case  of  malignant  cystic  lias  not  yet  recurred.     It  is  yet  loo 

•  S«<  *•  A  Lecture  on  the  Structure  of  Cancerous  Tumors,  and  the  Mode  in  i 
j^Jj^nit  P«rt»«re  invaded,"  by  Dr.    Woodward,  Assistant  Surgeon,  U.S. A. 
Tmiv  UKtWM  of  tbe  Smtlhsonian  Institute,  Wa!<hington,  November,  1^73, 
ifcm.  ^  IWOTt  MmI  •dniirftble  discussion  on  the  subject  by  Drs.  De  Mori^an,  Hd 
9M^  f<yi»  Md  othcn»  in  the  Lancet  for  March  and  April,  1874. 
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to  arrange  any  statistics  on  this  subject,  for,  as  every  surgeon  knows, 
some  cases  of  epithelioma  are  permanently  cured  by  the  knife,  and  theii 
prognosis  under  ordinary  surgical  treatment  is  better  than  that  of  scir- 
rhus  of  the  breast,  or  indeed  scirrhus  anywhere. 

Some  hopeless  cases — notably  a  case  of  scirrhus  of  the  rectum,  and 
epithelioma  of  the  vagina^ — we  have  treated  by  this  method  in  order  to 
palliate  the  symptoms  and  prolong  life,  and  with  the  most  interesting  and 
remarkable  results.  Indeed,  we  have  been  as  much  encouraged  by  the 
palliative  effects  obtained  in  these  hopeless  forms  of  malignant  disease 
as  by  the  apparently  radical  cures  of  milder  cases. 

It  follows,  froin  the  theoretical  considerations  above  given,  and  ex- 
perience confirms  this  view,  that  the  results  of  this  method  of  working 
up  the  base  will  depend  entirely  on  the  thoroughness  with  which  the  op- 
eration is  performed.  If  the  base  be  but  half  electrolyzed,  if  patches 
of  morbid  tissue  be  allowed  to  remain,  then  there  will  be  a  recurrence, 
in  all  probability,  Just  as  after  other  modes  of  operating. 

2.  Less  hemorrhage  than  other  methods  of  operating.  The  reason 
for  this  has  already  been  explained — electrolysis  coagulates  the  blood, 
constricts  the  tissues,  and  slightly  cauterizes  them.  Ordinary  paren- 
chymatous hemorrhage  is  thus  controlled  in  the  most  satisfactory  man- 
ner, so  that  if  a  strong  current  is  used,  neither  sponges  nor  styptics  are 
required. 

3.  Less  liability  to  shock.  We  form  this  judgment  from  protracted 
operations  made  on  patients  in  various  stages  of  debility,  and  in  the 
extremes  of  life,  infancy  and  old  age.  We  have  not  yet  seen  any 
effect  at  all  suggestive  of  shock,  after  very  long  sittings  under  strong 
currents,  even  where  sensitive  localities  were  operated  on.  The 
electric  current  would  indeed  appear  to  be  one  of  the  very  best  anti- 
dotes to  shock,  and  for  a  long  time  it  has  been  known  and  used  as  a 
means  of  resuscitation. 

4.  It  is  followed  by  a  more  satisfactory  healing  than  other  operations. 
This  fact  has  been  observed  markedly  in  several  severe  and  hopeless 
cases,  and  has  attracted  the  attention  of  all  the  surgeons  who  have 
seen  the  cases. 

5.  There  is  reason  for  the  belief  that  the  future  will  show  that  septi- 
cemia and  pyjemia  are  less  likely  to  follow  electrolysis  than  other  surgi- 
cal operations.  It  is  more  than  probable  that  clcctrolyzation,  like 
cauterization,  constringes  the  absorbents  so  that  they  cannot  absorb 
pus. 

6.  To  all  these  facts  must  be  added  the  consi<lcration  that  many 
patients  dread  the  knife — without  reason  it  may  be,  and  without  coio* 
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Galvano-Cautery. — Galvano-cauiery  is  cauterisation  by  a  resisting 
wire  heated  by  the  galvanic  current.  It  is  very  often  confounded  with 
electrolysis,  but  as  we  have  seen  electrolysis  is  the  decomposition  of  a 
compound  substance  by  means  of  electricity.  A  slight  cauterizing  ac- 
tion may  indeed  accompany  electrolytic  operations,  but  it  is  incidental 
merely,  and  is  not  a  part  of  the  electrolysis,  nor  the  end  desired. 

It  is  a  law  of  electricity  that  when  it  passes  through  a  resisting  wire 
it  raises  its  temperature  in  proportion  to  the  resistance  of  the  wire  and 
the  quantity  of  the  electricity  (see  Electo-Physics,  p.  91).  The  wire 
thus  heated  is  capable  of  producing  cauterizing  effects.  Platinum  offers 
a  greater  resistance  to  the  passage  of  the  electric  current  than  any 
other  metal  except  mercury  and  lead,  and  is  therefore  used  in  galvano- 
cautery.  It  will  be  seen  at  once  that  the  electricity  is  not  applied  to 
the  body,  as  in  the  various  forms  of  electrization,  but  only  the  wire 
heated  by  the  passage  of  the  current. 

Advantage  of  Galvano-Cautery  over  the  Actual  Cautery. — ^The  one 
great  advantage  of  the  galvano-cautcry  over  the  actual  cautery  is,  of 
course,  the  fact  that  the  heat  in  the  wire  connected  with  the  battery 
can  be  controlled  at  will.  It  can  be  let  off  and  on,  increased  or  dimin- 
ished at  pleasure  and  instantaneously.  With  the  actual  cautery  such 
control  is  manifestly  impossible. 

Heat  is  heat,  however  obtained ;  and  the  heat  of  a  platinum  wire 
through  which  a  current  is  passing  has  probably  no  advantage  as  such 
over  the  heat  of  a  poker  that  has  been  thrust  into  the  coals.  The 
advantage  lies  simply  in  the  fact  that  in  the  one  case  the  heat  is  under 
the  complete  control  of  the  operator  during  a  long  operation  if  neces- 
sary ;  in  the  other  case  it  is  not  under  such  control. 

Apparatus  for  G^(j/?'t7/w-G7«//rrj'.— Galvano-cautery  operations  re- 
quire batteries  composed  of  a  few  large  cells.  Rarely  are  more  than 
eight  cells  used,  and  the  best  batteries  can  be  turned  into  one  or  two 
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Fic.  i5i. 
Zinc-Carbon  Galvauo-Caulery  Battery  (Drescher  &  Co.). 
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Zinc-Carbon  Galvano-Cauiwy  Battery  (KiJJer), 
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Care  of  Gaivano-Cauiery  Batteries. — In  order  to  attsun  the  maximum 
of  power  from  galvano-cautery  batteries,  and  to  keep  them  in  good 
working  order,  much  more  care  is  necessary  than  in  the  case  of  ordinary 
batteries  for  galvanization. 

The  reasons  for  this  are  twofold  : 

1.  The  chemical  action  is  very  vigorous  because  the  solutions  are 
strong  and  the  circuit  is  metallic  throughout.  In  ordinary  external 
galvanization  or  in  electrolysis  the  resistance  of  the  body  interposed 
in  the  circuit  is  so  great  that  only  a  small  quantity  of  electricity  can 
be  evolved  (see  chapter  on  Ohm's  Law) ;  hence  the  zinc  is  not  so 
rapidly  consumed. 

2.  The  galvano-cautery  batteries — especially  the  portable  varieties — 
have  comparatively  little  reserve  power.  If  the  solution  becomes  old 
or  the  plates  become  corroded  badly,  the  heat  generated  may  be  loo 
feeble  for  important  operations. 

It  is  therefore  necessary  to  frequently  renew  the  solution  entirely, 
and  not  in  part,  as  is  so  often  done  with  ordinary  galvanic  batteries. 
With  the  portable  zinc-carbon  batteries  it  is  a  great  advantage  to  thor- 
oughly soak  the  carbons  in  tepid  water  after  each  operation. 

A  practical  point  of  much  importance  is  that  when  the  zinc  plates 
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Uses  of  the  Gaivano-Cautcry ,—Th^  special  purposes  for  which 
galvano-cautery  has  been  recommended  and  employed  are  the  follow- 
ing:— 

1.  Removal  of  tumors  of  various  kinds,  in  parts  that  are  not  readily 
accessible  to  the  ordinary  methods  of  extirpation — pediculated  tumors 
of  the  larynx,  polypi  of  the  larynx,  naso  pharyngeal  space,  external 
auditory  canal,  vagina,  rectum,  and  uterus*  Malignant  tumors  in  any 
accessible  position  may  be  removed  by  galvano-cautery  in  order  to 
avoid  hemorrhage. 

2.  Amputation  of  diseased  organs  or  parts  of  organs,  like  the  neck 
of  the  uterus,  the  tongue,  etc,  as  a  palliative. 

3.  Cauterization  of  ulcers. 

4.  Cauterization  of  chronic  inflammations  of  mucous  membrane,  in 
the  urethra,  nasal  duct,  conjunctiva,  etc. 

5.  Cauterization  of  cancerous  tumors  to  stop  the  hemorrhage. 

6.  Cauterization  of  the  base  and  tissue  surrounding  malignant  tttmors 
that  have  been  previously  removed  by  the  knife  or  ligature. 

7.  Cauterization  of  erectile  tumors  so  as  to  cause  coagulation,  ab- 
sorption, and  in  some  cases  sloughing. 

8.  Treatment  of  fistulxe,  by  cauterizing  the  fistula  alone,  or  by  caii- 
terizing  surrounding  parts,  or  by  cauterizing  both  the  opening  and  the 
parts  surrounding,  or  by  opening  the  fistula. 

9.  Treatment  of  neuralgia  by  cauterizing  and  killing  the  nerve. 

10.  Treatment  of  prolapsus  uteri  by  cauterizing  with  the  burners  the 
vaginal  walls,  and  thus  causing  inflammation,  suppuration,  and  cicatricial 
contraction. 

Advantages  of  the  Galvano-Cautery, — The  advantages  of  the  galvano- 
cautery  over  the  actual  and  potential  cautery  and  the  ordinary  opera- 
tions by  cutting  instruments,  are  these  : — 

I-  It  can  be  used  on  parts  that  are  not  easily  accessible  to  ordinary 
instruments. 

2.  it  saves  all  or  nearly  all  hemorrhage. 

3.  It  combines  the  after-cauterizing  effect  with  the  other  results  of 
the  operation,  as  is  sometimes  desirable. 

4.  It  is  more  sure  in  its  action,  and  can  be  more  accurately  localized, 
especially  in  cavities,  than  the  ordinary  methods  of  cauterization. 

5.  It  is  but  little  painful  after  the  operation,  and  is  rarely  or  never 
dangerous. 

6.  It  is  followed,  like  electrolysis,  by  a  more  satisfactory  healing  than 
by  the  knife  or  ligature,  and  as  after  electrolysis  there  is  less  liability  to 
j)yaemia. 
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The  one  disadvantage  of  the  galvano-cautery  is  the  difficnltj 
managing  the  necessary  apparatus. 

This  difficulty  is  now  diminishing ;  the  advances  that  have   reoeoU 
been  made  in  this  department  will  bring  the  galvano-cautery  vmhin  ' 
reach  of  all  who  are  willing  to  devote  the  amount  of  attention  vfaidi 
a  new  department  must  at  first  demand. 

There   is  reason  to  believe   that  m  the  future,  with  accessible 
compact  appliances,  the  use  of  the  galvano-cautery  will  be  greatly  < 
tended.     A'b  one  (an  expect  to  succeed  with  the  galvano  cautery  wh»  i 
not  to  some  decree  a  master  of  eleetrophysics. 

Rules  for  the  Use  of  the  Galvano-Cautery. — i-  For  all  large  and  i 
portant  operations  fresh  fluid  should  be  used  in  sufficient  quantity,  j 
the  battery  should  be  in  all  respects  clean  and  in  good  order. 

In  the  use  of  the  galvanic  current  for  ordinary  galvanization,  ! 
needs  entire  renewal  but  rarely,  and  if  an  evaporation  or  waste  reduce 
the  strength,  simply  pouring  in  new  fluid  into  the  old,  or  pouring  inj 
water  alone  m\\  answer  to  bring  up  the  battery  power  to  the  necessary] 
standard. 

a.  Before  beginning  the  operation,  the  apparatus  should  be  in  thor- 1 
«^g|b  preparation.     One  battery  should  be  tested,  and  the  handles  and 
viies  or  knives  should  be  carefully  overhauled,  so  that  there  may  be 
■•dhflHKes  of  bad  connection  or  bad  working  of  the  screws,  wheeb,  or  i 
mfer  ap|)liances. 

^  1b  all  operations  of  importance  it  is  almost  indispensable  to  have  I 
MiMMlaDt,  whose  exclusive  duty  it  shall  be  to  immerse  and  take  out 
^li^^lBBCBts  as  may  be  required  during  the  various  steps  of  the  openi- 
«M.  V  an  vse  the  bellows  or  air-bulb  to  increase  the  strength  of  the  I 
Q^ggti.    Xht  operator  will  have  all  he  can  do  to  control  the  instru- 

^    t!te9iMiCth  of  the  current  employed  in  the  operation  should  be 

^BHii^^Nf*^  ^^  ^^^  ^^^  ^°^  length  of  the  wire-loop  or  knife  that  i 

;^.y^^l|ltf|peration.      If  too  great  a  quantity  of  electricity  is  used  | 

^^^•illeiClth  of  the  mre  loop,  the  wire  may  break  before  or 

-very  likely  very  near  the  close  of  the  operation, 

^tf  the  operator.     If  too  little  quantity  of  electricity 

IfM^^  knife  will  not  be  sufficiently  heated,  and  will  not 

.A  Jfcir  asanes,  or  if  the  tissues  are  divided,  hemorrhage 


■yUer  near  the  end  of  an  operation,  the  quantity 
1^  Awnished  by  raising  the  elements  somewhat 
■4^1^  Ins  surface  may  be  exposed  (Byrne). 
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Accurate  judgment  in  this  regard  can  only  come  from  careful  ajid 
r'ipeated  j»rcUuiinary  experimentation,  and  from  entire  familiarity  with 
itic  battery  employed. 

5.  In  the  case  of  malignant  growths  of  all  kinds,  the  heated  wire, 
loop  or  knife  should  go  sufficiently  far  beneatli  or  around  ihe  growth 
as  to  include  healthy  tissue.  In  amputation  of  the  cervix,  for  example, 
the  wire  should  be  placed  above  the  ulcerated  or  indurated  part  so  as 
to  remove  the  entira  cervix,  and  very  much  more  if  tlie  disease  extends 
far  into  the  body  of  the  uterus. 

In  some  cases  this  would  be  impracticable,  and  then  it  is  necessary 
to  abandon  all  hopes  of  radical  or  permanent  relief,  and  content  our- 
selves with  palliation  merely. 

6.  In  cases  where  the  wire-loop  is  used,  the  traction  on  it  by  the 
wheel  or  other  contrivance  should  be  very  gradual,  and  by  intervals,  so 
that  the  surfaces  of  the  parts  exposed  may  be  thoroughly  cauterized. 
The  temptation  is  to  make  the  operation  brilliant  and  brief,  by  rapidly 
contracting  the  loop.     Those  operators  who  yield  to  this  temptation 

tmay  be  annoyed  by  immediate  or  secondary  hemorrhage. 
7.  When  the  shape  and  position  of  a  part  to  be  excised  are  such 
that  a  loop  cannot  be  adjusted,  a  groove  sliould  first  be  burned  around 
the  part  by  the  galvano-cautery  knife  (Byrne). 

8.  The  wire-loop  or  knife  should  be  accurately  adjusted,  and  be  per- 
fcctly  in  position  before  the  connection  is  made  and  the  current  let 
on. 

9.  The  loop  should  not  be  contracted  until  it  has  passed  into  the 
submucous  tissues,  and  then  passing  through  superficial  or  cellular  tis- 
sue,  the  wire  should  not  be  brought  to  a  white  heat  (Byrne). 

10.  In  protracted  operations,  where  delay  is  necessary  between  the 
different  stages,  the  elements  should  be  raised  out  of  the  solution  when 
the  current  is  not  needed,  so  as  to  rest  the  battery  and  economize  its 
force. 

Adaptation  of  Galvano-Cautery  to  various  Departments.— In  the 
adaptation  of  galvano-cautery  to  any  of  the  special  departments,  one 
needs  to  be  guided  by  the  general  principles  already  laitl  ilown.  The 
efficient  contrivances  and  modiftcations  of  api.aratiis,  and  of  modes  of 
operating,  will  depend  on  the  skill  and  experience  of  the  surgeon.* 

Dr.  Byrne  presents  the  following  resume,  of  his  operations  with  the 
galvano-cautery,  up  to  December  i,  1872  : 

•  On  the  special  department  of  the  adaptat  ion  of  the  jjalvano-ctutery  to  gynjBCology, 
u  well  as  for  valuable  suggestions  in  reyard  to  jjnivano-cautery  in  general,  we  may 
mfer  to  Dr.  Byrne's  work  on  the  Electro-Cautcry  in  Ulerloc  Surgery. 
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^^^H              *'i9  cases  of  epithelioma,  including  cauliBower  cancer.              ^^^^^| 

^^^^^H 

"         encephaloid,  or  medullary  cancer.                                  ^^H 

^^^B 

"        catarrhal,   inflammatory,  and  ulcerative  aflfections  of  ihd 

^^^^H 

cervical  canal  of  uterus.                                                   ■ 

^^^H 

"         amputation  of  cervix  (non-malignant).                             ^^H 

^^^^B 

"        fibrous  and  6bro-cellular  polypi.                                    ^^H 

^^^H 

sessile  fibroid  tumors.                                                      ^^H 

^^^^^H 

"        deep  ulceration  of  os  and  cervix.                                  ^^^| 

^^^^^H 

"         intrauterine  vegetation  (non-malignant).                      ^^H 

^^^^^H 

"        vascular  tumors  of  urethra.                                             ^^H 

^^^H 

granular  urethritis'                                                           ^^H 

^^^H 

hemorrhoids.                                                                     ^^H 

^^^^^H 

perineo-vaginal  fistula.                                                      ^^^| 

^^^^^H 

lipoma  of  scalp.                                                              ^^H 

^^^^^H 

lipoma  of  cheek.                                                               ^^H 

^^^^^H 

lipoma  of  ear.                                                                 ^^H 

^^^H                                                                                           ^^ 

■ 

^^^^^H             Of  the  thirty  cases  of  malignant  disease,                                      ^^H 

^^^H 

w^ere  of  the  uterus  alone.                                                               ^^H 

^^^H 

uterus  and  vagina.                                                      ^^H 

^^^H 

perinseum  and  vagina.                                            ^^H 

^^^^^H 

was  of  the  left  labium.                                                                ^^H 

^^^^^H 

^^M 

^^^^^H 

"      breast.                                                                      ^H 

^^^^^H             Among  the  nineteen  cases  of  epithelioma,                                  ^^| 

^^^H 

were  indurated  or  ulcerated  only,  and                                         ^^^| 

^^^^^H          12  were  of  the  vegetating  or  cauliflower  character.     Of  the  latter,      f 

^^^H 

••      *'       cervix  uteri  alone.                                                             M 

^^^H 

''      "       perimeum  and  vagina.                                                      S 

^^^^^H 

was  restricted  to  the  left  labium.                                                  ^^H 

^^^^^B         I 

of  the  clitoris."                                                                               ^^B 

^^^V 

■.  Thomas  Bryant,  of  London,  has  recently  published  the  resullfl 

^^^^^              a 

large  variety  of  experiments  with  this  form  of  "bloodless  suS 

^B     ^^^' 

1 

^^^B                  The  cases  of  amputation  of  the  cervix  uteri  with  the  galvano-caulci; 

^^H              that  have  been  attempted  by  the  surgeons  of  the  Woman's  Hospiti 

^^H              with  the  assistance  o(  Ur.  RockweU,  have  proved  entirely  sati&factof 

^^H              In  these  cases,  if  the  i>latinurn  wire  be  of  sufficient  size,  and  the  cullit 

^^^1              be  done  slowly,  not  a  drop  of  blood  need  be  lost. 

^^^^^            The  galvano-cautery  has  been  used  by  ophthalmologists  for  the  c» 
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terizatlon  of  granular  lids,  and  inflammations  and  abscesses  of  the  lachry' 
mal  ducts.  By  aurists  it  has  been  used  for  the  removal  of  polypi  and 
other  tumors  from  the  external  auditory  canaL  By  laryngologists  it  has 
been  used  for  the  removal  of  nasal  and  naso-pharyngeal  polypi,  for  the 
cauterization  of  granular  inflammations,  for  the  cauterization  and  removal 
of  various  laryngeal  growths,  and  for  tracheotomy.  One  of  the  most 
successful  workers  in  this  branch  is  VoltolinL* 

In  the  rectum  the  galvano-cautery  has  been  recently  utilized  for  oper- 
ation on  fistulae  and  for  the  removal  of  piles.  By  general  surgeons  it 
has  been  used  for  amputation,  and  for  the  treatment  of  epithelioma  and 
other  malignant  growths. 

*  Die  Anwendong  der  galvano-kaustik  in  Innem  des  Kehlkopfes  and  ScUtmdkopfe^ 
Wien,  1872.  On  the  Application  of  the  Galvano-Cautecy  to  Laryngology.  See  alao 
Cohen's  Diseases  of  the  Throat,  1873. 


CHAPTER  IV. 


BENIGN  AND   MALIGNANT  TUMORS. 


The  success  of  the  electrolytic  procedure  in  benign  and  malignant 
tumors  depends  on  the  method  used.  One  may  fail  by  one  process  and 
succeed  by  another,  just  as  in  any  other  surgical  operation.  The  ten- 
dency has  been  to  be  satisfied  with  the  mere  employment  of  galvano- 
puncture,  without  regard  to  the  niethod»  and  to  accept  the  results, 
whether  favorable  or  unfavorable,  as  servmg  to  settle  the  question  of  tlie 
value  or  uselessness  of  electricity  in  surgery. 

In  electrolysis  everything  depends  on  the  method  ;  and  with  the  same 
method  skill,  care,  and  thoroughness  may  succeed,  when  awkwardness, 
carelessness,  and  inattention  fail  utterly.  The  failure  of  electroh-sis  in 
any  form  of  tumor — ^benign  or  malignant — is  not  to  be  counted  a  re* 
proach  until  we  know  the  actual  method  used  and  the  character  of  the 
operator. 

The  errors  that  have  been  and  are  continually  made  in  electrolytic 
operations  begin  and  end,  as  we  have  seen,  in  ignorance  or  forgctful- 
ness  of  tlie  laws  and  facts  of  electro-physics  and  electro-physiology,  and 
especially  of  the  former.  No  one  can  be  a  scientific  and  successful 
electro-surgeon  without  also  being  more  or  less  of  an  electro  physicist. 


N;EVI — ERECTILE  TUMORS — ANGIOMATA — MOTHER  S    MARICS. 

Naevi  (erectile  or  vascular  tumors)  are  both  cutaneous  and  subcu- 
taneous. The  terms  cutaneous  and  subcutaneous,  however,  simply  in- 
dicate a  difference  in  scat,  but  not  in  kind.  The  two  forms  are  often 
associated,  and  the  wide-spread  dilatation  of  cutaneous  vessels,  attended 
with  little  swelling,  that  are  commonly  called  **  mother  spots,"  are  evi- 
dently similar  in  character  to  the  subcutaneous  variety  to  which  Bell 
gave  the  name  of  aneurism  by  anastomosis.  Erectile  tumors  may  be 
either  venous  or  arterial. 

This  variety  of  tumors  may  be  treated  by  the  ordinary  method  of 
electrolysis,  with  a  good  probability  of  success,  provided  the  condilioas 
of  success  are  skilfiilly  observed. 
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It  is  first  of  all  necessary  to  understand  that  to  cure  all  forms  of 
erectile  nnnors  electrolytically  without  leaving  any  scar  or  trace  is 
simply  impossible.  In  many  cases,  and  notably  in  those  of  larger  size, 
and  which  are  partly  cutaneous  and  partlj*^  subcufaneous,  sooner  or 
later  destruction  of  tissue  is  requisite  to  bring  about  a  cure ;  and  de- 
struction of  tissue  after  electrolysis,  like  destnictjon  of  tissue  after  the 
use  of  other  agents,  is  followed  by  cicatrization. 

When  the  naeviis  is  small  and  superficial,  then  a  mild  electrolytic 
operation  maybe  followed  by  a  shrinking  of  the  tumor,  and  a  rapid  and 
permanent  absorption  of  the  debris  without  any  scar ;  but  such  cases 
can  hardly  be  said  to  constitute  the  majority.  The  scars  following  the 
electrolytic  treatment  of  ncevi  may,  however,  rapidly  disappear ;  at  least 
the  little  patient  may  in  time  entirely  outgrow  them. 

It  is  necessary  to  be  understood,  in  the  second  place,  that  the  elec* 
trolyiic  operations  for  nosvi,  as  for  other  kinds  of  morbid  growths,  arc 
usually  sufficiently  painful  to  require  some  form  of  local  or  general 
anesthesia.  It  is  almost  absolutely  safe  to  give  ether  to  young  chil- 
dren ;  and  the  operation,  even  though  it  be  but  very  short  and  but  little 
painful,  can  be  conducted  far  more  successfully  when  the  child  is  anes- 
thetized than  when  it  is  not.  With  adults,  and  sometimes  with  children, 
local  an£Esthesia  by  ether  spray  is  sufficient ;  but  it  is  generally  inferior 
to  general  anaisihesia.  The  struggles  of  the  child  to  get  free,  its  terror 
at  the  sight  of  the  instruments,  can  all  be  saved  by  a  carefully  adminis- 
tered anaesthetic.  The  details  of  the  operation  differ  with  the  site  and 
character  of  the  tumor.  Success  has  followed  the  use  of  both  poles  in 
the  tumor,  or  only  one,  while  the  connection  is  made  by  a  sponge-elec- 
trode on  some  indifferent  point  If  the  tumor  be  small,  and  but  one 
pole  is  used,  it  is  better  that  it  should  be  the  positive,  since  the  clot 
formed  at  the  positive  pole,  though  small,  is  hard  and  firm.  If  the 
tumor  be  large,  needles  connected  with  both  poles  may  be  used. 
Whether  one  or  more  needles  are  to  be  used  depends  on  the  size  of 
the  tumor,  but  generally  one  needle  connected  with  each  pole  is  suffi- 
cient. If  many  needles  are  used,  it  is  difficult  to  manage  them ;  and 
some  may  fall  out,  and  thus  disturb  the  operation.  It  is  better,  as  a 
rule,  to  take  out  the  needle  at  different  stages,  and  insert  it  in  various 
parts,  until  the  entire  growth  is  acted  upon.  We  have  sometimes  found 
it  of  advantage  to  reverse  the  current  during  the  operation,  so  that  all 
portions  of  die  tumor  may  be  acted  on  by  both  poles.  Insulation  of 
the  needles  is  only  required  in  the  case  of  entirely  subcutaneous  tmnors 
— where,  as  in  the  case  of  aneurism,  it  is  desired  to  produce  a  coagulum 
(which  may  be  slowly  absorbed)  widiout  injury  to  the  skin. 
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The  length  of  the  operatioD  may  range  between  five  and  twenty-fiv 
minutes,  according  to  the  strength  of  current  used,  the  size  of  the  needle 
and  the  size  of  the  tumor. 

The  great  point  in  all  electrolytic  operations  for  naevi  is  to  do  ju& 
enough  without  doing  too  much.     If  the  operation  be  not  reasonably 
thorough,  absoption  will   not  take  place,  or  the  tumor  may  recur.     If  j 
the  operation  be  too  extensive  or  prolonged,  the  destruction  of  tissufl 
may  be  greater  than  is  needed,  and  the-  subsequent  cicatrization   may 
amount  to  at  least  a  temporary  deformity.     For  \txy  large  and  semiJ 
cutaneous  or  semi-subcutaneous  naevL,  that  exhibit  a  tendency  to  spread 
in  all  directions,  it  is  necessary  to  place  the  needles  at  or  near  the  base* 
of  the  tumor,  and  in  the  surrounding  tissue,  among  the  enlarging  and 
tortuous  vessels,  in  a  manner  somewhat  resembling  the  method  of  eleoiS 
trolyzing  the  base  of  malignant  tumors.     If  such  tumors  are  treated 
timidly,  no  good  result  will  come,  and  the  operation  may  be  several 
times  repeated  without  satisfaction. 

The  advantages  of  the  electrolytic  procedure  in  naevi  are  these  : 

1.  In  small  and  superficial  tumors,  the  cure  may  be  effected  with 
little  or  no  scar.  On  the  face  and  other  exposed  parts  of  the  body^ 
this  advantage  is  very  great. 

2.  In  large  naevi,  and  those  which  are  partially  or  entirely  subcu- 
taneous, the  liability  of  recurrence  would  be  less,  and  probably  the  ex- 
tent of  the  cicatrization  would  be  less  than  after  the  ordinary  method  of 
treating  these  growths. 


Subcutaneous  erectile  t%tmor  of  the  right  cheek  ;  eomflete  recovery  Joliows  electrolytit  j 

treatment. 

Case  CCXXIV.— In  April,  1871,  Dr.  D.  F.  Reynolds  consulted  twin  regard  to  the  ' 
case  of  a  liltte  chile!  aged  eiglil  monihs,  who  was  afflicted  by  a  subcutaneous  erectile 
tumor  ill  the  rijjhl  cheek.  It  appeared  shortly  after  birth,  and  had  gradually  enlarged 
Until  the  tlaie  mentioned,  when  it  measured  one  and  a  half  inches  in  width  and  from 
0ne-half  to  three-quarters  of  an  inch  tii  depth.  Upon  firm  pressure  the  enlargement 
would  almost  entirely  disappear.  The  patient  having  been  placed  under  the  influence 
of  chloroform,  we  operated  at  Bellcvue  Hospital,  in  the  presence  of  Dr.  Frank  Ham- 1 
lUon  and  his  diss,  by  introducing  into  the  four  (juartcrs  of  the  tumor  four  smaUj 
gilded  steel  needles  insulated  to  within  one-quarter  of  an  inch  of  the  points^  Two  < 
the  needles  are  connected  with  the  positiire  and  two  with  the  negative  pole. 

During  the  passage  of  a  current  of  very  moderate  tension  the  enlargemeiU  graduall] 
grew  harder  and  more  prominent  as  the  blood  coagulated,  and  at  the  expiration  of' 
eight  minutes,  when  the  needles  were  withdrawn,  the  part  was  quite  firm.  TTie  child 
suffered  no  inconvenience  during  or  after  the  operation,  and  when  seen  the  nest 
morning  was  as  well  and  playful  as  usual.  The  process  of  absorption  soon  became 
manifest,  and  in  two  mouths  three-quarters  of  the  dot  had  disappeared. 
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From  this  time  there  was  a  most  marked  decrease  in  the  rapidity  of  absorption, 
aince  bat  two  months  more  were  required  before  the  clot  had  entirely  disappeared. 

A  large  arterial  tumor  in  a  weak,  ill-nourished  child  ;  the  result  of  electrolytic 
treatment  unsatisfactory. 

Case  CCXXV.— Annie ,  a  child  aged  one  year,  was  directed  to  us  by  Dr.  II.  P. 

Farnham.     On  her  back,  over  the  uppwr  dorsal  vertebra,  we  found  a  large  fluctuating 
arterial  tumor,  nearly  two  inches  in  diameCet  at  its  base. 

The  child  was  markedly  ansemic,  and  her  general  condition  was  much  below  par. 

It  was  thought  best,  however,  to  operate,  SlwA  in  the  presence  of  Drs.  Famham, 
Piokney,  Grant,  and  others,  the  needles  were  used  tn  the  same  manner  as  in  the  pre- 
vious case.  Coagulation  was  readily  produced,  but  owijig  to  some  unpleasant  symp- 
toms in  the  respiration  of  the  child  the  needles  were  withdrawn  (as  the  progress  of 
the  case  subsequently  attested)  a  little  prematurely. 

Absorption  set  in  very  slowly  in<lecd,  and  after  a  few  weeks  its  effects  were  barcljr 
perceptible.  After  a  couple  of  months  it  was  evident  that  the  circulation  in  one  por- 
tion was  beginning  to  be  re-establislied,  but  the  mother  refused  to  allow  anything 
more  to  be  done  for  the  little  patient.  It  should  be  stateil  that  on  the  night  follow- 
ing the  operation,  the  child  was  allowed  to  lie  upon  its  back  with  the  hard  enlarge- 
ment of  coagulated  blood  entirely  unprotected,  Siibsetjuently  a  soft  circular  ring 
was  prepared  and  placed  around  the  tumor,  but  the  irritation  already  caused  by  the 
presurc  was  followed  by  s!i;^ht  ulceration  and  discharge. 

This  however,  healed  in  the  course  of  two  weeks,  but  it  undoubtedly  contributed 
towards  the  general  unsatisfactory  result.  The  slowness  with  which  the  absorbing 
process  was  carried  on  is  to  be  attributed  undoubtedly  to  impaired  nutrition,  and  the 
re-establishment  of  the  circulation  mainly  to  the  imfortunate  necessity  of  cutting  short 
the  operation. 

Arterial  ereetile  tumor  from  b$rth  in  a  child  fifteen  months  old  ;  complete  recovery 
under  eUclrolyzation. 
Cask  CCXX  VI. — In  a  little  child  fifteen  months  old,  upon  whose  face,  near  the  angle 
of  the  lower  jaw,  a  small  erectile  tumor  bad  existed  from  birth,  electrolysis  was  com- 
pletely successful.  The  patient  was  placed  under  the  influence  of  chloroform,  and 
two  platinum  needles,  insulated  to  within  one-third  of  an  inch  of  the  points,  and 
connected  with  the  positive  pole,  were  introduced  into  the  two  lower  quarters  of  the 
tumor ;  while  two  steel  needles,  connected  with  the  negative  pole  and  insulated  in  a 
similar  manner,  were  thrust  into  the  two  upper  quarters.  The  current  from  twelve 
medium-sized  cells  of  a  zinc-carbon  battery  was  allowed  to  pass  fur  ten  minutely  at  the 
end  of  which  time  the  coagulation  was  complete.  .Absorption  of  the  clot  rapidly 
became  manifest,  and  in  four  months  it  bad  entirely  disappeared,  leaving  no  scar. 

In  subsequent  operations  we  have  not  hesitated  to  use  steel  or  gilded 
needles  for  the  |M)sitive  pole,  since  the  oxidation  which  these  needles 
undergo  in  all  probability  tends  to  accelerate  coagulation. 
Subruiatieouj  erectile  tumor  treated  by  electrolytis ;  too  strong  currents  used;  suh^ 

sequent  sloughing. 

Case  CCXXVII.— At  the  request  of  Dr.  Geo.  K.  Smith,  we  operated,  Nov.  ja, 
1 87 1,  on  a  case  of  subcutaneous  erectile  tumor,  just  over  tbe  imier  angle  of  the  eyc^ 
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in  a  child  sixteen  months  of  age.     The  tumor,  which  was  about  the  size  of  a  h« 
nut,  could  easily  be  compressed.     The  child  was  thoroughly  etherized  with  the  ass 
ance  of  Dr.  F.  H.  Collon,  and  three  insulated  needles  were  in>erled  into  the  tumor-* 
two  connected  with  the  positive,  and  one  with  the  negative  pole. 

The  current  was  frmn  iixtccn  weak  cells ;  the  sSame  twenty  minutes.  The  coIo 
of  the  tumor  changed  during  the  operation  and  became  hard  tlurough  the  coagulation. 
Subsequently  the  tumor  i^loughed  at  certain  points,  and  the  result  was  not  satisfactoryu 
since  a  deformity  was  left  that  may  I>e  permanent. 

The  mistake  we  made  was  in  using  too  strong  a  current  and  unduli 
prolonging  tKe  operation.      In  our  desire  to  avoid  repealing  the  ope 
tion,  we  went  to  the  other  extrenrie. 

The  delicate  skin  of  the  child  was  so  affected  by  the  action  of  the 
current  that  sloughing  ensued  in  spite  of  the  insulation  of  the  needles^ 
This  mistake  is  one  thai  can  be  easily  avoided. 

Dr.  Rockwell,  by  a  somewhat  rare  coincidence,  treated,  within  a  com 
paratively  short  time,  four  widespread  nsevi  involving  the  nose.  Til 
first  case,  sent  by  Dr.  Lafayette  Ranney,  submitted  to  two  operatioi 
The  first  successfully  obliterated  the  dilated  vessels  of  one-half  th 
nose ;  but  circulation  becoming  re-established  in  the  other  half,  a  se 
ond  operation,  performed  after  an  interval  of  several  months,  resultc 
in  complete  recovery.  The  second  case,  sent  by  Dr.  Stephen  Smitl 
was  apparently  successful ;  but  as  it  passed  from  under  his  observatioi 
he  is  uninformed  of  the  ultimate  result.  The  remaining  cases  recovcrel 
promptly  after  a  single  operation,  and  with  hardly  an  appreciable  scar. 

Drs,  L.  V,  Sass  and  R.  P.  Lincoln,  of  this  city,  have  communicaK 
to  us  the  details  of  an  interesting  case  of  successful  treatment  of 
venous  erectile  tumor  of  the  neck  : — 

The  patient,  Gen,  K.,  aged  33,  of  nervous  temperament,  represented  that  in  Aprf 
1869,  after  a  special  effort  in  public  speaking,  he  felt  a  pain  in  his  neck,  on  th«  k 
side.  Six  weeks  later  a  small  tumor  appeared  in  the  locality  of  the  pain,  which  in 
few  months  incrca-setl  much  in  size.  It  was  subsequently  reduced  by  sulphur-balh 
cathartics,  tincture  of  iodine,  etc,,  but  returned,  and  in  Feliiuary,  1870,  was  agal 
reduced  by  the  same  treatment,  which  left  hira,  however,  exceedingly  weak.  July 
during  the  excitement  of  a  public  reception,  the  tumor  again  appeared,  with  scvef 
pain,  loss  of  voice,  and  feeling  of  suffocation,  so  that  death  appeared  imminent  ;  11 
again  it  was  dispelled  by  the  same  treatment.  On  account  of  the  frequency  of  the 
and  the  exhaustion  that  followed  the  treatment,  the  patient  was  compelled  to  resi 
the  public  position  which  he  held,  and  return  home. 

When  he  came  under  the  observation  of  Drs.  Sas«  and  Lincoln,  a  tttmor  of  the « 
of  a  large  goose's  egg  was  foun«l  on  the  left  side  of  the  neck,  in  the  antcro>iufcr 
portion  of  the  region  defined  by  the  stemo-clcido-mastoid  and  traperius  muscles  1 
the  clavicle.  The  trachea  wa.^  parted  half  an  mch  to  the  right  of  the  median  It 
The  tumor  was  rounded,  smooth,  and  readily  compressible ;  but  after  compresstoo 
returned  to  its  natural  sliupe. 
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An  attack  of  indigestton,  active  exerctsct  or  mental  excitement  of  any  kind,  would 
cause  the  tumor  to  incrcav;  somclimcs  to  twice  its  usual  size. 

Sept,  30,  1870,  in  the  presence  of  Drs.  Hammond  and  Ilacklcy,  the  patient  waa 
anaesthetized  and  submitted  to  electrolytic  treatment.  Four  gild&l  steel  needles,  in- 
sulated to  one-half  or  three-fourths  of  an  inch  from  their  ptdnts,  were  introduced  into 
the  four  quarters  of  the  tumor  ;  the  two  upper  being  one  and  one-fourth  inch  apart, 
and  one  inch  above  the  lower,  which  were  one  inch  ajxirt.  The  two  inner  needles 
were  connected  with  the  sulxlivided  anode,  and  the  two  outer  with  the  subdivided  ca- 
thode. At  first  ten,  then  fifteen  elements  of  a  battery  similar  to  Stohrer's  were  em- 
ployed.    The  strength  of  the  current  was  increaved  gradually. 

j\l  the  expiratiun  of  fifteen  minutes  the  two  lower  nce<Iles  were  disengaged  from  tha 
current,  thus  concent  rating  the  whole  force  ujxin  the  two  upper;  at  the  expiration  of 
fifteen  minute*  more  the  needles  were  removed. 

During  the  oi^eration  all  the  prominence  of  the  tumor  disappeared,  and  a  delicate 
examination  detected  a  hard  mass  in  its  place  ;  not  a  drop  of  blood  escaped  on  the 
removal  of  the  needles.  The  skin  over  the  tumor  presented  a  bright  blush,  and  the 
trachea  had  returned  to  its  proper  position.  The  patient  kept  quiet  for  three  d.iys, 
using  a  cold-water  compress.  At  the  end  of  that  time  the  soreness,  which  had  been 
considerable,  had  nearly  all  passed  away. 

At  the  latest  date,  October  24th,  the  patient  was  well,  and  "the  induration  m  the 
neck  was  steadily  diminishing  in  sire." 

Goitres. — Goitres  are  to  be  treated  by  ordinary  electrolysis  with  sharp, 
bayonet-shaped  needles,  which  may  be  either  insulated  or  non-insu- 
lated. Needles  that  are  smoothly  insulated  can  be  inserted  through  the 
skin  of  the  neck  without  very  much  more  difficulty  than  non-insulated 
needles  ;  but  if  the  insulation  be  roughly  put  in,  the  difficulty  in  inser- 
tion may  be  very  great.  An  advantage  of  non-insulated  needles  is  that 
by  the  action  which  takes  place  in  the  skin  around  it,  the  needle  be- 
comes loosened  at  the  negative  pole,  and  so  can  be  pushed  in  still  fur- 
ther without  difficulty.  For  goitres  of  all  kinds  the  negative  pole  is 
much  preferable  to  the  positive  pole,  just  as  in  cystic  and  fibroid  tu- 
mors. There  is  no  danger  in  inserting  a  needle  even  into  a  smail 
goUre  to  a  considerable  depth,  say  one  or  two  inches.  By  great 
carelessness,  it  would,  we  suppose,  be  possible  to  wound  the  carotid 
artery.  We  do  not  usually  employ  an  anaeslhctic  in  the  operations  on 
the  neck  ;  we  find  that  the  ether  spray,  or  local  a[>pIicPtion  of  a  mix- 
ture of  carbolic  acid  and  ether,  equal  parts,  prevents,  to  a  considerable 
extent,  the  fear  of  the  introduction,  which  the  patient  much  dreads, 
and  which  is  really  more  severe  than  the  pain  of  the  electrolysis  after 
the  needles  are  in  po.sition. 

In  a  few  cases  we  have  observed  that  the  needles,  when  inserted  in  a 
goitre,  cause,  by  reflex  action,  pain  in  the  forehead  ;  in  other  cases 
nausea  and  a  tendency  to  faintness  are  observed.     The  majority  of 
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patients  do  not  bear  an  operation  of  more  than  from  five  to  fifteen  mi 
utes,  which  may  be  repeated  two  or  three  times  a  week. 

This  purely  electrolytic  treatment  may  be  varied  by  external  gab 
nidation  and  faradi/ation  with  strong  currents. 

There  is  no  question  that  external  galvanization  and  faradization  wil 
strong  currents,  both  steady  and  interrupted,  will  cause  a  considerat 
reduction  of,  and  sometimes  completely  dissipate  goitres  ;  and  even  wh 
these  methods  do  not  cause  any  perceptible  diminution,  they  at  les 
relieve  the  sense  of  pressure,  the  heaviness,  and  the  sense  of  sutfocatic 
or  of  choking  that  goitres  often  cause.  External  electrization  alone 
not  as  satisfactory  as  electrolysis  with  needles. 

The  prognosis  of  goUre,  under  electrical  processes,  varies  with  t 
nature  of  the  tiimor.     Those  which  are  small  and  soft  may  disappi 
entirely  and  permanently.     Those  that  are  large,  provided  they  are  a 
too  hard,  may  also  entirely  disappear.     The  cystic  varieties  also  give 
good  prognosis.     Those  thnt  are  both  very  large  and  very  hard  n: 
diminish  a  certain  percentage,  but  they  do  not  entirely  disappear.    T 
best  method  of  estimating  the  results  of  treatment  is  to  take  measui 
ment  of  the  neck.     Almost  all  goitres  will  go  down  more  or  less,  ai 
usually  at  the  outset  of  the  treatment.     Afterwards  they  recede  mc 
and  more  slowly  ;  and,  even  in  those  cases  where  the  cure  is  complel 
the  last  quarter  will  require  more  treatment  than  the  first  three-q 
ters.     This  is  tme  of  all  hard  growths  that  are  treated  by  electricity. 

Goitre  of  three  years'  standing — Rapid  reduction  and  approximait  cure  under  j 
vano-puncture — External  faradiuttion  with  very  strong  currents. 

Case  CCXXVI II. —  March  30,  1874.  We  were  callH  to  treat  a  case  of  go\t» 
where  the  measurement  around  the  neck  was  sixteen  and  .1  half  inches.  Tl»e  yat 
was  a  young  man  Iwenly-ore  years  of  age,  and  the  growth  had  existed  three  ycarv 
tumor  was  moderately  but  not  cKcessivcly  hard.  Wc  comracncctl  treatment  1 
electrolysis  the  needle  being  passed  into  the  centre  of  the  tumor.  In  one  week 
on  Inch  was  gained  ;  in  five  weeks  one  and  a  half  inche!i,  which,  in  effect,  amounf 
to  a  aire.  We  used  only  mild  currents,  combined  with  external  faradization, 
very  strong  currents,  violently  interrupted,  as  suggested  by  Meyer.  The  result*  tl 
fore,  was  due  to  the  combined  effect  of  different  kinds  of  electrization. 

The  great  majority  of  case*  of  this  kind  vnW  become  reduced  ten,  fifteen,  or  I 
per  cent.,  and  will  become  stationary.     Even  bi    this  case  the  reduction  of  ibc  1 
quarter  inch  consumed  as  much  time  as  all  the  rest  of  the  cure. 

In  the  above  case — which  may  be  regarded  as  a  type  of  the  mc 
successful  results  of  electrical  treatment  in  goitre — the  galvano  pur 
turc  certainly  accomplished  more  than  the  external  faradization  wl 
strong  inlerrupted  currents.     The  latter  method  did  something,  an4 
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worthy  of  trial  in  the  treatment  of  goitre  m  connection  with  galvano' 
puncture. 

Simple  or  aJenoid  goitre  in  a  ehild  aged  fourteen — Relief  of  choking  iensations — 
Steady  decrease  in  size  under  exlernal galvanization  and  electrolysis. 

CaseCCXXIX, — L.  W.,  a  girl  aged  fourteen  years,  first  observed  four  years  since  % 
•light  enlargctncnt  of  the  thyroid  giapd.  It  rapidly  increased  in  size  until  Dectralier  5. 1871, 
When  she  presented  hen^if  for  exainiiiation  it  was  one  and  a  half  inches  in  depth,  and 
two  inches  in  width,  reaching  to  the  anterior  border  of  either  stcrno^leido-ma$toideu9 
muscle.  The  mass  was  quite  movable  and  did  not  in  any  way  cause  inconvenience, 
excepting  when  she  attempted  to  sing.  Iodine,  both  internally  and  externally,  had 
been  u«<l  without  appreciable  licncfit.  For  iKe  first  two  months  localized  external 
galvanization  repeated  twice  a  week,  was  alone  tried,  resulting  in  no  diminution  in 
the  size  of  the  swelling,  but  in  a  very  decide<l  alleviation  of  the  distressing  sensation  of 
strangling,  which  invariably  occurred  whenever  she  attcmjited  to  sing. 

Subsequently  the  needles  were  introduced,  and  to  this  date  the  tumor  has  steadily 
decreaseil  in  size,  until,  June  1,  it  was  one-quarter  its  origiual  size,  and  the  indications 
were  that  it  woidd  entirely  disappear.  The  needle  (a  small  glover's  needle^  was  in- 
troduced some  twenty  times,  but  as  the  pain  produced  was  very  slight  no  chloroform 
wasused. 

Dissipation  of  a  goilre  of  fifteen  months'  standing  under  external  localised  gal- 
vanisation. 

Case  CCXXX.— Miss  H.,  a  young  lady  aged  24,  was  directed  to  us  by  Dr.  J. 
Marion  Sims,  Nov.  26,  1S73. 

Fifteen  months  before  she  observed  in  the  neck  a  slight  enlargement,  which  grew 
with  considerable  rapidity.  On  examination,  we  found  a  goitre,  that  spread  widely 
all  over  the  anterior  portion  of  the  neck,  extending,  mdeed,  beyond  the  outer  margin 
of  eitlier  stcrno-cleiJo-raastoid  muscle.  The  measurement  around  the  most  promi* 
nent  portion  was  14)  Inches. 

We  first  attempted  simple  external  localized  galvanization,  with  the  efTcct  of 
reducing  the  measurement  in  13  stances  to  13  inches.  The  deformity  was  now  barely 
percept ilile,  and  decreased  with  characteristic  slowness,  but  finally  completely  disap< 
peared  after  some  15  additional  applications.  At  the  close  of  the  treatment,  the 
neck  measured  just  12^  inches. 

Cystic  Tumors. — Benign  cystic  tumors  may  be  successfully  treated  by 
the  ordinary  method  of  electrolysis.  We  have  treated  a  number  of 
cases,  small  and  large,  and  with  excellent  results.  The  object  of  the 
electrolytic  procedure  in  benign  cystics  is,  of  course,  very  different 
from  the  object  of  the  same  procedure  in  nxvi.  The  therapeutical 
action  of  the  current  on  cystics  is  somewhat  complex. 

ist  The  fluid  is  decomposed.  The  gaseous  products  of  this  decom- 
position sometimes  escape  through  holes  made  by  the  needles. 

ad.  The  walls  oi  the  cyst  are  stimulated,  so  that  the  fluid  is  absorbed, 
and  thus  tiie  tumor  is  caused  to  shrink.  This  is,  in  fact,  the  rationale 
of  electrolysis  in  hydrocele. 
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3d.  Decomposition  of  the  walls  of  the  cysts.     This  takes  place, 
course,  only  when  uninsulated  needles  are  used.     When  the  needli 
are  insulated  near  to  the  end,  the  walls  of  the  cyst  are  not  acted  on, 

4th,  Evacuation  of  the  fluid  contents  of  the  cyst  without  decomp 
sition.  This  result  may  follow  puncture  of  any  kind,  even  when  1 
electricity  is  used.  It  is  more  likely  to  follow  electrolysis  with  I 
negative  needle,  for  the  reason  that  the  needle,  when  not  insulate 
acts  on  the  walls  of  the  cyst,  and  enlarges  the  opening  made  by  t 
needle. 

In  operating  on  cystic  tumors  by  electrolysis,  the  best  procedure 
to  insert  a  needle  connected  with  both  poles.     The  positive  needle  m 
be  kept  fixed,  while  the  negative  is  worked  in  various  directions,  so 
to  act  upon  all  the  inner  surface  of  the  cyst,  and  also  to  enlarge  som 
what  the  hole  made  by  the  needle  in  the  walls  of  the  tumor,  so 
allow  free  exit  of  the  fluid  or  gases. 

Large,  long,  cutting  needles  are  usually  preferable  when  the  tmno? 
large  j  but  for  small  tumors  almost  any  kind  of  needle  will  answer. 


Ftc  r99. 
Benign  Cystic  or   Erectile  Tumor,  treated   liy  ordinary  etectrolftls  by 

needles. 

Cystic  tumor  of  forehtad  of  forty  yearf  Handing  ;  immediate  and  prrmaKent  i 

by  electrolysis. 

Case  CCXXXI. — Mrs.  H.,  aged  60,  we  first  saw  in  consultation  with  Dr.  A. 
Catlin,  of  Brooklyn,  Nov.  g,  1S71. 

For  forty  years  she  had  been  afBicted  with  a  tumor  on  the  forehead,  which.  In  I 
pcarancc  and  size,  and  in  its  feel  and  compressibility  at  the  time  wc  wiw  ii,  i 
resembled  «  rij«  Isabella  grape.  This  appearance  hati  not,  liowever,  been  con»tj 
Its  size  varied,  and  at  one  time,  after  stooping,  it  had  considerably  enlarged,  and  •  t 
connected  with  it  and  leading  towards  the  upjier  part  of  the  nose  became  swuileni 
prominent. 

Whether  the  enlargement  was  erectile  or  cystic  wu  a  matter  of  doubt.     Or,  A.  1 
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Crosby,  who  saw  the  case  with  us,  regarded  it  as  cystic.  The  patient  boo  refused 
to  submit  to  any  operation  for  the  radical  cure  of  the  tumor — partly  on  account  of 
fear  of  hemorrliage,  and  conitequenlly  had  woru  the  unpleasant  dt^fonnity  the 
greater  portion  of  het  life.  Nov.  ii,  1S71,  with  the  assiistance  of  Drs.  CalUn, 
Crosby,  Cooper,  and  Wyckoff,  local  anxstheaia  was  used,  and  two  small  insulated 
needles  were  inserted  into  the  tumor  near  the  base,  one  pole  connected  with  the  posi- 
tive and  the  other  with  the  negative  pole  of  ten  cells  of  a  portable  Galvano-Faradic  Co. 
zinc-carlton  battery  (Fig.  61 ).  Immediately  the  color  of  the  tumor  l)egan  lo  lighten, 
through  the  change  of  its  fluid  contents  into  oxygen  and  hydrogen  gases,  and  in  five 
minutes  llie  whole  surface  was  almost  colorless^  and  the  tumor  was  much  distended. 
The  needles  were  now  withdrawn  ;  there  was  no  hemorrhage,  but  the  gases  began  to 
escape  at  tlie  places  where  the  needles  were  inserted.  Dr.  Crosby  now  used  a  little 
pressure,  and  the  tumor  flattened  with  more  esca]>e  of  gas.  Under  repeated  pressure 
Mill  more  gas  escaped  ;  and  in  ten  minutes  from  the  beginning  of  the  operation  the 
tumor  was  perfectly  flattened.  Gradually  the  re<siduum  of  the  lumor  disappeared, 
and  in  a  few  weeks  scarcely  a  trace  of  the  long-standing  deformity  existed. 

Cyitic  tuKior  cf  the  breast,  possibly  malignant^  trtateJ  by  external  galvanitation 
and  electrolysis — Great  reduction  in  size^  and  apparent  cure. 

Case  CCXXXII.— Mrs.  P.,  a  lady  of  middle  life,  consulted  us,  December  3d,  1873. 
The  patient  had  a  tumor  in  the  left  breast,  of  the  size  of  a  small  orange.  About  two 
months  had  j:)as&ed  since  it  was  lir&t  observed. 

Both  her  family  physician.  Dr.  Wikoff,  and  another  surgeon  of  eminence  regarded 
the  tumor  as  scirrhous  and  advised  its  removal. 

The  patient,  we  may  remark,  traced  the  origin  of  the  growth  very  directly  to  a 
severe  bruise  of  the  breast  from  striking  against  a  bed-post.  When  wc  first  saw  the 
case,  the  tumor  could  be  easily  felt  and  grasped  between  the  fingers,  and  seemed 
qtiite  hard.  The  nipple  was  but  slightly  alTected,  and  there  was  no  involvement  of 
the  glands  in  the  axilla. 

There  had  been  little  or  no  paiii,,  the  tumor  had  not  extended  to  the  sk'm,  and 
there  was  no  discoloration  ;  except  by  examination  the  presence  of  the  growth  WOtlld 
hardly  have  been  suspected.     The  growth  was  quite  movable. 

The  patient  was  of  a  very  nervous  temperament,  and  had  suffered  much  from  neu- 
ralgia. In  spite  of  the  lack  of  very  severe  symptoms,  we  concurred  in  the  opinion 
of  her  previous  advisers,  that  the  tumor  was  scirrhous.  The  patient  so  dreaded  the 
thought  of  the  knife  that  she  wanted  lo  give  electrical  treatment  a  gootl  trial. 

We  began  with  local  external  galvanization  with  moderate  currents.  After  one 
week's  treatment  the  tumor  seemed  looser,  softer  in  portions,  and  a  trifle  smaller. 
SubM:quenl  treatment  O'lded  nollung  to  this  apparent  improvement.  We  therefore 
resolved  to  «ise  galvano-puntture. 

December  31st,  we  inserted  two  needles  into  the  part  of  the  ttimor  that  was  most 
superficial ;  one  needle  was  cotmected  with  the  positive  and  the  other  with  the  nega* 
live  pole. 

Ether  spray  was  used  before  the  needles  were  introduced.  The  neetlles  had  not 
been  in  position  more  than  five  minutes  wlieii  a  fluid  as  colorless  as  water  begun  ts 
flinv  out  of  the  places  where  they  were  inserted,  and  on  prctisure  the  quantity  th^t 
caroc  away  was  much  increaswl,  and  more  or  less  Howcti  out  during  the  whole  opera- 
tion, which  lasted  fifteen  minutes. 
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When  the  needles  were  withdrawn,  «nd  pressure  was  used,  still  more  fluid  < 
and  the  tamor  had  become  reduced  two-thirds  in  sixe.     The  tumor  was  eridentl 
cystK. 

January  2d  and  Janttary  8th,  we  again  operated  with  Dr.  Beard's  long  cuttiti^.ne 
without  assistance  and  without  anxi»thc5ta,  so  as  to  reduce  the  tumor  to  a  mintmu 
and  if  possible  cause  absorption  or  atrophy. 

At  the  second  operation  a  less  quantity  of  fluid  exuded,  and  still  less  at  the  thin 
operation.     The  patient  left  for  home.     We  occasionally  hear  from  her,  and,  up  t 
the  date  of  writing,  the  tumor  has  not  resomed  its  original  sbe,  and  does  not  in  1 
way  trouble  her. 

In  the  above  case  one  of  three  results  are  possible : 

I  St.  The  tumor  may  remain  comparatively  small,  causing  no  annoy- 
ance to  the  patient.     This  result  we  have  seen  in  other  cystic  tumors, 
(though  not  in  the  breast),  from  the  same  method  of  treatment  ih 
was  adopted  in  the  present  case. 

ad.  The  tumor  may  again  fill  up  with  fluid,  and  may  require  a  rep 
tilion  of  the  same  treatment. 

3d.  It  may  take  on  ihe  scirrhous  form.     It  is,  of  course,  possible  tha 
the  walls  of  the  growth  may  already  be  of  a  scirrhous  character.     Eve 
if  it  should  prove  to  be  a  scirrhous  growth,  it  would  not  follow  that  ; 
moval  would  be  at  once  indicated. 

If  in  the  above  case  there  should  ever  be  a  rapid  and  ugly  recurrenc 
of  the  tumor,  with  threatening  indications  of  any  kind,  the  method  of 
electrolyzing  the  base  would  be  indicated,  the  knife  or  the  galvano»j 
cautery  being  used  to  remove  the  body  of  the  growth. 


Cystic  tumor  of  the  submaxillary  region^  prohahly  maiignant ;  three  operations- 
Electrolysis  of  the  base — Rapid  healing  with  slight  disfigurement — Permanent^ 
tuteessful  result. 

Case  CCXX  XI 1 1. —Miss ,  a  young  lady  in  her  teens,  was  sent  to  us  March  251^ 

1872,  by  Dr.  Wm.  W,  Reese.     The  patient  was  of  a  fragile  constitution,  and  had  be- 
come debilitated  by  confinement  in  the  stifling  air  of  a   moiiufactory  where  »he  wu 
employed.     For  one  year  she  had  been  troubled  with  a  tumor  on  the  submaxilla 
region  of  the  left  sialic,  that  was  at  first  supposed  to  be  simply  an  enlarged  gland, 
did   not,  however,  yield  to  the  usual  treatment  that  vaiious  physicians  and  surge 
hod  given  her.  and  at  the  time  we  saw  it,  it  was  about  the  si/e  of  an  English  walnut,* 
and  was  apparently  encysted.     Lancinating  pains  of  a  tolerably  severe  character 
were  soinetirnes  felt  in  and  near  the  growth.  ■ 

Careful  examination  made  it  pretty  clear  that  the  enlargement  was  cystic  ;  that  *mI| 
substance  was   inside  of  it,  although  the  walls  were  quite  hard.     March  27th,   with 
the  assistance  of  Dr&  Reese  and  Hyde,  we  eleclrolyzed  a  portion  of  the  growth,  and 
found  that  it  was  really  cystic  and  contained  a  dark,  cheesy  substance.     The  patient 
was  fully  etherized  during  the  of>eTalinn,  which  lasted  forty  minuter    Larj^ftnd  I 
pMdles  were  employed,  and  sixteen  zinc-carbon  cells. 
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rhe  operation  was  roUowed  for  two  days  by  irritative  fever,  but  by  no  other  im« 
pleasant  result.  There  was  considerable  doughing,  but  the  bulk  of  the  growth  re- 
mained as  a  large  unsightly  maiSv  April  14th,  we  again  operated  by  working  up  tfu 
base  of  the  tumor,  undermining  it  and  separating  it  from  the  surrounding  healthy 
tissue.  Dr.  A.  B,  Crosby  assisted  at  the  operation,  and  enucleated  a  portion  of  the 
maa  before  the  needles  were  inserted.  The  irritative  fever  was  slighter  than  after 
the  previous  operation.  An  ulcer  i^  inches  in  length  and  a  half  an  inch  in  depth  re> 
matned — the  surface  presenting,  as  usual  after  electrolytic  operations,  a  charred  ap- 
pearance which  at  first  alarmed  the  patient.  The  subsequent  healing  was,  in  iho 
judgment  of  all  the  surgeons,  surprisingly  rapid  and  satisfactory.  Dr.  Crosby^  in  proper 
time,  brought  the  edges  together,  and  thus  expedited  the  reparative  process,  so  that 
at  the  end  of  a  month  only  a  trifling  scar  remained  At  one  of  these  operations  the 
parenchymatous  hemorrhage  was  excellently  controlled  by  the  action  of  the  current, 
and  no  other  styptic  was  required.  The  patient  had  now  podlively  improved  in  her 
general  health,  and  was  free  from  any  sign  of  the  disease.  It  was  hoped  by  all  par- 
ties that  she  would  hear  no  more  from  the  tumor.  It  had  been  suspected  at  the  close 
of  the  operation  that  a  small  portion  of  the  growth  fcmaiued,  but  it  was  not  deemed 
advisable  to  protract  the  operation. 

Very  soon  pains  of  quite  a  severe  character  began  to  be  felt  jnst  beneath  the  skin 
in  the  region  of  the  sublingual  gland  ;  then  followed  swelling,  and  in  a  few  weeks  a 
tumor  as  large  as  ahorse-ches.rnul,  of  the  same  appearance  and  feel  as  the  previous 
growth.  We  decided  to  operate  again,  this  time  with  absolute  thoroughness ;  the 
same  surgeons  being  present.  Dr.  Crosby  made  an  incision  and  enucleated  thegrowth, 
the  operation  being  completed  by  electrolyzation  with  large  needles  as  liefore. 

The  "Work  weu  thorougmy  done y  the  base  was  tharoughly  flectrotyzfd  (Fig.  1 93). 
During  the  operation,  a  branch  of  the  facial  artery  was  severed  by  the  needle;  this  was 
tied  by  Dr.  Crosby.  The  wound  was  treated  as  bcfurc  and  with  the  same  result — rapid 
and  satisfactory  healing,  tliat  has  been  permanent.  The  scar  disfigures  but  slightly, 
while  the  patient  has  improved  in  her  general  health,  and  at  the  date  of  wnting,  three 
years  after  the  last  operation,  weighs  much  more  than  at  the  lime  of  the  operation. 


^^ 


•;■ 
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Fig.  19]. 

Electrolysis  of  the  base  of  the  malignant  cystic  tumor  of  the  neclc,  after  removal 
of  the  tumor  by  etiucJeation.  Long  negative  needle  manipulated  by  the  operator! 
connection  made  by  a  similar  positive  needle  also  in  the  baic. 
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The  above  was  one  of  the  earlier  cases  in  which  the  method  of  the 
trolysis  of  the  base  was  employed. 

Unfortunately  the  tumor  was  not  examined  by  liie  inicri.iscope.  The 
evidences  of  mah'gnancy  of  the  tumor  were  its  recurrence,  after  enu- 
cleation and  ordinary  electrolysis,  the  facts  that  it  seriously  affected  the 
general  health  of  the  patient,  and  that  her  health  greatly  improved  when 
the  tumor  was  finally  removed. 

Hydatids  of  the  Liver. — Durham  and  Forster*  have  treated  eight 
hydatid  tumors  of  the  liver  with  success  by  electrolysis  at  Guy's  Hospi- 
tal and  the  Royal  Infirmary  for  Children,  Waterloo  Road. 

"  In  one  patient,  who  was  under  the  care  of  Dr.  Hilton  Foggc,  and  who  wai 
operated  upon  by  Mr.  Durham  in  June,  iS68,  the  dulness  m  the  hc^Mtic  region 
meo-sHred  seven  inches  verticjxUy,  the  ribs  on  that  side  were  buljictt,  and  the  intercostal 
spaces  prominent.  Two  nceilles  were  introduced  into  the  moFt  prominent  part  of  llw 
swelling,  one  piercing  the  space  between  the  eighth  and  the  ninth  co<^tai  cartilages, 
and  the  other  about  two  inches  behind  it,  between  the  ninth  and  tenth  ribv  T!i* 
needles  parsed  in  to  a  depth  of  two  or  three  inches.  One  of  them  was  evidently  free 
iu  the  fluid,  fur  it  could  be  moved  about  and  rubbed  against  the  other.  The  |>ist«yior 
needle  doubtle!i%  i>aiscd  lhrou<jh  the  diaphra<;;ni,  as  it  wa*i  jerked  about  by  the  respiratory 
movements.  Both  needles  were  ccmncctcil  with  the  negative  pole  of  ten  cells  of  the 
battery,  freshly  charged.  The  positive  pole,  connected  with  a  moistened  conductor, 
vras  placed  lietween  and  near  the  needles.  The  current  was  allowed  to  pass  for  twenty- 
fiTe  minutes,  and  during  this  time  there  was  a  crackling  feeling  under  the  finger  as 
of  emphysema,  owing  to  the  development  of  hydrogen  from  the  liquid  of  the  cyst^ 
After  the  operation  there  was  some  pain  for  four  or  five  hours«.  In  the  evening  the 
temperature  was  100.9",  *"^  *^*  patient  did  not  sleep  well  that  night.  Next  day  the 
temperature  was  99.6",  and  on  the  morning  after  it  had  ri>en  to  lot. 2*.  At  this  riroe 
the  hypochondri.ical  tumor  had  greatly  ilisapi)€arcd,  and  the  man  expressed  himself  aj 
feeling  quite  well.  On  examining  the  right  side  of  the  chest,  however,  Dr.  Fagg;e 
was  a  little  startled  at  findmg  absolute  dulness  behind,  up  to  the  fourth  or  fifth  dorad 
vertebra;  and  over  this  extent  of  thorax  there  was  less  vocal  vibration,  marked  tubu- 
lar respiration,  and  xgophonic  character  of  the  voice,  which  afforded  conclusive  evi- 
dence of  a  Inrge  effusion  of  fluid.  There  wa*  very  slight  pain  about  the  points  where 
the  punctures  had  been  made,  but  no  pleuritic  pain.  The  man  lay  on  bis  back,  and 
was  quite  comfortable.  The  liquid  had  evidently  been  squeezed  through  the  puncture 
in  the  diaphragm  into  the  pleural  cavity.  The  man  went  on  perfectly  well,  and  the 
chest  symptom!-  disappeared  entirely.  Twenty  days  after,  all  traces  of  the  abdominal 
tumor  had  disappeared," 

Fibroids. — Fibroids  are  usually  hard,  and  therefore  slow  todecomj)Ose 
under  electricity.  This  is  true  of  ail  fibroids,  wherever  situatetl, — in  the 
neck  or  any  portion  of  the  pen|)her)',  or  in  the  uterus.  Inasmuch  as  they 
are  not  usually  malignant,  the  method  of  electrolyzing  the  ba.sc,  here- 
after to  be  described,  is  not  needed.     They  are  to  be  treated  by  ordinarjr* 

I 

*  Altbatis,  op.  cit.,  p.  645.     See  also  Med.  Times  anil  Gaz.|  Nov.  igtli,  t87a 
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electrolysis,  needles  connected  with  both  poles  being  inserted  in  tlie 
tumor.  The  needles  may  be  insulated  or  non-insuiated,  according  to 
the  situation  of  the  tumor. 

The  behavior  of  fibroids  after  electrolysis  is  not  generally  satisfactory ; 
the  amount  of  decomposition,  on  account  of  the  density  and  compara- 
tive dryness  of  the  tissue,  is  but  slight ;  and  the  subsequent  shrinkage 
and  atrophy  is  not  so  marked  as  in  goitres  or  cystic  growths. 

If  a  current  of  sufficient  strength  be  used,  the  patient  being  anaesthe- 
tized, suppuration  may  be  excited,  and,  as  a  result  of  the  destruction  and 
loss  of  tissue,  the  tumor  may  become  somewhat  smaller. 

Reeurrtni  fibroid  tumor  of  a  yearns  standing — Repeated  Eiectrolysations  without 
etherization  and  attended  zoitk  trifiing  pain — Arrest  of  Growth — Gradual  de- 
(rease  in  the  size  of  the  tumor. 

Case  CCXXXIV.— Mis,  P.,  a  lady  of  middle  oge,  was  directed  to  us  by  Dr.  F. 
"Winston  in  February,  187  [, 

On  exnmiii.-uioi),  we  f^^Ullcl  under  the  rii^ht  cor  a  large  tumor,  soft  and  movable, 
and  C'lual  in  size  to  the  closed  fist.  The  enlargement  was  of  the  recurring  fibroid 
character,  entirely  painless,  but  most  unsightly  in  appearance.  The  patient  first  ob- 
served the  gr<»wtli  some  ten  years  since,  when  its  size  was  barely  appreciable.  It 
gradually  enlargctl  until  tt  attained  the  size  of  an  ordinary  hen's  egg,  and  was  removed 
by  the  late  Dr.  Chccseman. 

A  few  months  subsequently  it  made  its  appearance  a  second  time,  and  steadily  en- 
Jargcfl,  until  at  the  expiration  of  three  years  its  size  was  somewhat  greater  than  when 
the  firU  operation  was  perfoi  ined. 

It  was  again  removed  by  Dr.  Wiilard  Parker,  but  in  course  of  time  returned.  The 
patient  was  now  unwilling  to  have  the  operation  by  the  knife  repeated,  and  for  seven 
years  the  tumor  slowly  increa>^d  to  the  size  above  !>tated. 

To  avoid  any  possibility  of  exciting  an  action  in  the  tumor  that  niiijht  render  it 
truly  mali^ant  in  character,  we  at  first  made  uae  only  of  external  galvaniiation. 

After  a  dozen  applications  no  change  could  be  j>erccived  in  its  outward  conforma- 
tion ;  but  that  the  treatment  had  not  been  without  some  effect  was  maniTesteil  from 
live  fact  that  the  head  could  now  be  turned  in  any  direction  without  caoi^nig  the  dis- 
agreeable and  sometimes  painful  sensations  that  had  formerly  followed  pressure  of  the 
deep  portion  of  the  growth  on  the  underb-ing  tissues. 

We  now  decided  (o  try  the  ordinary  method  of  electrolysis,  and  accordingly  intro- 
duceil,  an  inch  into  the  tumor,  a  needle  insulated  to  within  half  an  inch  of  its  point. 
The  application,  alternating  with  external  ga!vanb:ation,  was  repeated  some  twelve 
limes  during  the  couric  of  two  months  and  resulted  In  a  very  decided  alteration  in  the 
shape,  as  well  as  a  marked  diminulinn  in  the  size  of  the  growth.  After  cicli  operation 
a  large  quantity  of  free  hydrogen  gas  escaped  through  the  opening  made  by  the  needle, 
followed  by  a  slight  How  of  blood. 

At  this  time  two  neetltes  were  used— the  second  one  of  platinum,  and  connected 
with  the  positive  pole.  It  should  be  stated  tbtit  previuu-sly  only  twelve  zinc-carlioa 
cells  had  been  used,  and  the  current  allowed  to  pass  but  ten  minutc$.  We  now  in- 
creased the  cells  to  twenty,  and  permitted  the  needles  to  remain  some  5AeeQ  minutes; 
47 
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but  when  they  were  withdrawn,  neither  gas  nor  blood  e%aped,  and  yet  it  was  i 
lutely   ceriain  that   the  current  liad  been  passing  every  moincnt,  and  with  po« 
greater  than  in  previou'j  operations. 

In  a  Tew  hours  I  he  tumor  and  tissues  sarrounding  it  became  greatly  swollen,  i 
panictl  hy  very  considerable  pain. 

The  pain  .ind  swelling  were  relieved  by  a  poppy  poultice,  but  a  slight  dischargee 
tinned  through  the  months  of  July  and  August,  during  which  time  treatment  was  a 
termitted.     In  September,  when  the  patient  returned  to  the  city,  the  disclmrge,  »'hi< 
had  ceased  two  weeks  previously,  had  evidently  resulted  in  a  still  further  reduction  ( 
the  tumor. 

The  treatment  was  resumed,  aud  continued  at  intervals  during  tlic  ens-uing  winU 
and  spring.  The  effect  wa!>  a  slow  but  constant  decrease,  until  it  was  retiuccd  I 
about  one-third  its  original  size. 

At  one  time  during  an  inteifval  in  the  treatment  the  patient  observed,  in  a  portifl 
of  the  tumor  to  winch  the  needles  had  not  been  applied,  a  projection  which  rapidH 
enlarged  until  it  wa.s  one-third  of  an  inch  in  diameter,  and  extended  downward  into  tl 
healthy  tissue  for  more  than  an  inch.  A  sinylc  ncetlle  was  introduced  into  this  \ 
welcome  addition,  and  a  mild  current  all.jwed  to  pass  for  ten  minutes.  The  procC 
of  absorption  was  excited,  and  in  two  week^  this  protuberance  completely  disappearo 

It  is  interesting  to  note  in  this  description,  that   while  the  growth  was  slowly  I 
steadily  enlarging  before  the  use  of  needles,  it  did  not,  after  the  treatment  by  cleclr 
lysis  was  begun,  s!»ow  the  sUghtesil  dispO'sition  to  increase  in   those  part^  actually 
flucncetl  by  the  current — although  at  one  time  several  months  ela|>sed  between  tl 
ojierations.     Subsequently  what  remained  of  the  tumor  was  again  removed  by 
Parker, 

While  the  above  case  cannot  be  cited  as  a  brilliant  result  of  clcctrfl 
lytic  treatment,  it  is  of  exceeding  interest,  and  has  afforded  tnanyuseft 
hints  that  have  been  of  vahie  in  other  cases.  The  pain  of  introducin 
the  needles  was  trivial ;  and  the  electrolytic  action,  even  when  it  w 
very  intense,  produced  little  orno  sensation  ;  consequently  it  was  ati 
time  necessary  to  use  chloroform,  and  the  treatment  was  as  rcodi] 
borne  as  if  the  applications  were  merely  external. 

Fibroids  of  the  ttierus  are  of  sufficient  importance  to  be  special! 
considered.  They  may  be  treated  electrolytically,  either  through  tJi 
vagina  or  through  the  abdoruinal  walls,  according  to  the  position. 

The  danger  of  creating  peritonitis  by  thrusting  needles  through  th 
abdominal  walls  is  but  slight ;  and  if  the  needles  are  well  insulated  bi 
rubber,  there  is  really  no  danger.  The  insulated  part  should,  of  cour: 
go  beyond  the  peritoneum. 

Dr.    Kimball,  of   Lowell,   reports  excellent   results  from    treatini 
fibroids  in  this  way.     Our  own  observations  in  this  direction  have  n 
been  of  the  most  encouraging  nature.     We  have  never  seen  a  large  and" 
hard  uterine  fibroid  tumor  disappear  under  electrolysis.     Relief  of  pain, 
of  neuralgia  and  anaesthesia,  and  of  many  of  the  attending  symptoms. 
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have  many  times  obtained,  but  never  a  complete  or  approximate  dis- 
persion of  the  tmiior. 

Lipomata  {Fatty  77//wri^).— Ordinary  surgical  treatment  Mith  the 
knife  is  so  successful  for  fatty  tumors,  that  electrolysis  would  hardly  be 
indicated,  even  if  it  could  accomplish  as  much  and  as  easily  as  the 
knife.  Fatty  tumors  are,  of  course,  benign  ;  and  when  operated  on  do 
not- recur.  Fat  decomposes  slowly  and  with  difficulty,  and  from  our 
first  experiments  on  a  number  of  fatty  growths,  we  were  led  to  be- 
lieve that  secondary  absorptive  effects  would  not,  as  a  rule,  follow  elec- 
tiolyais.  Dr.  RockweU's  later  experience,  however,  in  this  direction, 
has  been  more  satisfactory.  By  using  an  increased  number  of  needles, 
more  i>owerful  currents,  and  by  prolonging  the  operalions,  several  of 
these  tumors  have  been  completely  dissipated.  In  every  case  the 
operations  were  rendered  entirely  painless  by  the  use  of  the  ether  spray. 

Adenitis. — Enlirged  glands  of  the  neck  or  groin  may  be  treated  by 
external  faradization  witli  strong  currents,  interrupted  so  as  to  break 
up  the  glands,  as  recommended  by  Meyer,  or  by  external  galvaniza- 
tion, or  by  electrolysis. 

The  prognosis  is  very  capricious.  In  some  cases  the  enlargements 
diminish  quite  rapidly,  and  entirely  disappear  ;  in  other  cases  they  are 
as  obstinate  as  scirrhus  of  the  breast.  In  one  case  referred  lo  us  by 
Dr.  C.  L.  Mitchell,  an  enlarged  parotid  gland  was  treated  at  first  by 
external  faradization  and  galvanization  with  the  effect  of  hastening 
suppuration.  After  the  tumor  was  opened  the  inner  portions  were 
treated  through  the  opening  by  mild  electrolysis,  and  the  tumor  speedily 
disappeared. 

Ovarian  Tumors. — Ovarian  tumors  in  their  early  stages  have  been 
treated  by  electrolysis  and  by  external  galvanization,  and  it  is  claimed 
with  die  effect  of  dispersing  them.  The  difficulty  of  diagnosing  ovarian 
tumors  diminishes  not  a  little  the  value  of  this  claim.  Electrolysis  is, 
however,  worthy  of  a  better  trial  than  it  has  yet  had  in  the  treatment 
of  ovarian  tumors.  Galvano-puncture  with  insulated  needles  might 
accomplish  here  what  it  has  already  accomplished  in  cystic  growths  in 
other  localities.  This  treatment  might  reduce  the  size  of  ovarian 
cysts,  and  arrest  their  growth,  even  when  it  could  do  no  more.  This 
method  demands  a  careful  trial  in  cases  where  the  ordinary  operation  is 
dreaded  or  impossible. 

Dr.  Hayes  reports  a  case  of  multilocular  sero-cystic  ovarian  tumor 
successfully  treated  by  galvano-puncture.* 


•  Chicago  Medical  Journal,  Sept.,  1874. 
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Polypi — Nasopharyngeal  polypi  have  been  treated  by  a  serieM 
electrolytic  operations  with  success.     Von  Bnins  reconis  a  Dotable< 
of  this  kind.    As  a  rule,  however,  it  would  be  difBciilt  to  eniuelyi 
nasopharyngeal  pol3'pus  by  electrolysis,  and  the  Ireatmeni  would  be 
very  annoying.     Polypi  in  accessible  localities  arc  best  treated 
galvano-cautery  wire-loop. 

Epithdionia,  Scirrhits^  and  other  MaHgNani  Growths.- 
growths  may  be  defined  clinically  as  thasf  grtm^ths  which 
recur  after  removal. 

Under  this  head   may  be  classed  epithelioma,  rccturmg  cys»~ 
fibroids,  encephaloids,  scirrhus  and  so  forth.     If  luiv. 
are  to  be  treated  at  all  by  electricity  in   the  hope  of  ^ 
it  should  he  by  the  method  of  electrolysis  of  the  base  as  already  i 
ed,  provided,  of  course,  the  tumors  are  sufficiently  accessiblc- 

Pain  may,  however,  be  relieved,  and  in  some  cases  a  redoc 
size  may  be  gained  by  the  ordinary  method  of  clearol>-sis,  or  bjr ! 
external  galvanization  or  faradisation^  and  \>y  these  meth^alft\ 
tumor  may  be  arrested  in  its  progress  perhaps  for  a  I^ng  time. 

Of  the  different  forms  of  malignant  growths,  the  be  -al 

permanent  cure,  or  for  a  long  deliverance,  is  in  rci  ,        ^       •<$  ; 
fibroids  ;  next  would  come  epilhclioma,  of  which  we  have 
treated  a  number  of  cases,  and  last  of  all  scirrhus. 

Cancers  of  the  neck  of  the  uterus  have  been  removed  by  j 
cautery,  but  not,  so  fax  as  we  know,  by  electrolysis  of  the  base. 


•s:' 


.#-: 


Kemoval  or  epithelioma  of  face  by  elecirolym  of  b«ae.   Both  negmtivc  IM 
needles  inserted  in  the  healtliy  tissue  bm/^th  the  tunuir. 

£pilh<Uoma  of  the  face,  originating  in  an  o/J  tear,  six  mamtkt'  Ha^'ir 
by  a  combination  of  electrolysis  of  the  base  and  tk«  gtU»t»t-^ 
fCASK  CCXXX v.— Captain  D,  was  t>rouglit  to  u«s  .\i   ' 
8c«den.     The  patient  had  a  lumor  Ihnt  appcnrcJ  tu  he  4n 
of  ui  small  Nvatnut,  over  the  lygoino.     It  liad  ilcvelopcd  frotu  on  ull  km  i 
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existed  from  childhood.  When  he  was  ftrst  brought  to  us  the  tumor  hsid  been  in 
existence  six  months.  It  had  been  treated  by  caustics,  but  rapidly  recurred.  Wo 
decided  to  treat  the  tumor  by  electrolysis  of  the  base,  combining  witli  it  the  galvano- 
cautcry,  if  ncce5>ary  or  convenient,  in  order  to  shorten  the  operation. 

April  30the  We  operated,  as.sisted  by  Dr.  Fcshcnden,  who  gave  the  anaesthetic  for 
ten  luinules,  with  eighteen  zinc-carbon  cells.  We  used  the  long  cutting  needle,  pass- 
ing one  connected  witli  the  positive  pole  under  the  tumor  near  the  edge,  and  another 
long  cutting  needle  connected  with  the  negative  pole,  also  under  the  tumor,  and 
parallel  to  the  positive  needle.  The  electrolytic  action  was  moderately  strong,  and 
the  growth  was  rapidly  loosened.  The  jjositive  needle  became  fixed  in  the  tissue 
where  it  was  imbedded,  through  the  oxiciiization,  as  is  always  the  case  with  the  pObi< 
live  needle,  while  around  the  negative  needle  a  yellowish  foam  appeared,  caused  by 
the  mingling  of  the  hydrogen  evolved  with  the  blood.  The  needle  was  very  looiie  in 
the  tissue,  and  we  worked  it  slowly  to  the  right  hand  and  left  until  the  tumor  was  un- 
dermined by  the  electrolytic  action,  and  nothing  remained  but  a  portion  of  the  skin. 
We  completed  the  operation  by  a  short  wire  connected  with  Byrne's  galvano-cautery 
battery.  After  the  tumor  was  removed,  we  worked  up  the  base,  partly  with  the 
needles  and  partly  by  the  heated  galvano-cautery  wire. 

Both  needles,  positive  and  negative,  were  plunged  into  the  base  and  edge  of  the 
tumor,  into  healthy  tissue,  until  all  was  bloodles&,  diarred,  and  dry.  Scarcely  any 
blood  flowed  during  the  0|>eration. 

The  patient  was  soon  able  to  leave  the  operating-room.  Cold-water  dressing  only 
was  nsed.  Some  slougliing  followed,  and  sajisfactorj'  granulation.  In  sbt  weeks  the 
sore  had  completely  heakd,  with  a  moderate  cicatrix,  and  at  the  date  of  writing, 
Sept.  1st,  1874,  seventeen  months  from  the  time  of  operation,  there  are  no  signs  of 
recurrence.  The  growth  was  examined  microscopically  by  Dr.  Ormislon,  and  by 
him  pronounced  malignant. 

Large  and  painful  epithelioma  of  the  upper  lip  of  set'eral  months*  standing — Re 
murvat  by  ordinary  electrolysis  and  the  method  of  working  up  the  base — SatiS' 
factory  healing. 

Case  CCXXXVI, — Miss -,  aged  20,  was  brought  to  us  by  Dr.  Corey,  Oct  23, 

1871,  to  be  treated  for  an  epithelioma  of  the  upper  lip  that  had  distressed  her  for 
several  months.  At  this  time  the  growth  extended  from  the  median  line  to  the  left 
comer  of  the  lip,  being  about  one  inch  in  diameter  and  one-balf  an  inch  tn  length. 
The  pain  of  the  growth  was  at  times  very  great,  especially  when  exposed  to  the  culd  ; 
the  disfigurement  was  annoying,  and  there  was  an  evident  tendency  to  quite  rapid 
increase.  At  the  basj,  on  the  inner  surface  of  the  lip  and  especially  at  the  corner, 
hard  nodules  were  e-isily  detected  by  the  finger.  With  the  assistance  of  Dr.  Corey, 
and  in  tlic  pre*jence  of  a  number  of  physicians,  we  eleclrolyzcd  the  ui'pef  ptortiun  of 
the  growth  with  five  small  needles,  three  connected  with  the  negative  and  two  witli 
the  positive  pole.  Full  anjesthesia  was  used,  and  the  operation  lasted  twenty 
minutes.  The  needles  were  inserted  directly  into  the  body  of  the  tumor  and  not 
around  the  base.  The  method  of  working  up  the  base,  we  had  not  at  that  tin>e 
begun  to  employ.  The  soft  parts  of  the  tumor  in  the  vicinity  «>f  the  negative  pole 
dccomjwved  with  rapidity.  A  yellowish  foam  was  developed,  which,  forcing  its  way 
underneath  the  scab  that  covered  the  tumor,  gradually  HficJ  it  up  and  completely 
detached  it  from  the  body  of  the  growth. 
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The  parts  presented  the  usual  charred  appearance  after  the  operation,  but  there 
was  little  or  no  pain,  either  in  the  tumor  or  in  the  vicinity.  There  wos,  however, 
considerable  irritative  fever,  and  the  face  was  somewhat  swollen.  In  the  cour&c  of  a 
week,  the  portion  of  the  diseased  part  that  had  been  elcctrolyzed  began  to  contract, 
and  near  the  median  line  healthy  tissue  appeared.  The  lower  port,  that  was  Utile 
affwtcd  by  the  needles,  remained  as  before.  Nov.  9,  we  again  operated  by  the 
method  of  electrolysis  of  ihe  base  w  ith  four  negative  and  one  positive  needle  with  the 
same  number  of  cells  (sixteen  zinc-carbon)  and  for  about  the  same  lime.  Dr.  Corrjr 
administered  the  an^eslhetic,  and  Drs.  Armor,  Caldwell,  and  others  were  presait.  This 
operation  was  more  thoroughly  performed  than  the  previous  one,  l)nt  the  needles 
were  not  inserted  into  the  nodules  or  the  inner  surface,  but  only  into  ihe  superficial 
parts  of  the  growth.  No  bad,  result  followed,  and  by  Nov.  27th  the  tumor  had 
contracted  to  one-third  of  its  original  size  and  was  healing  rapidly.  The  healing 
process  continued  until  scarcely  any  trace  of  the  disease  remained.  The  healing  was 
almost  ])erfect ;  there  was  an  entirely  natural  skin  in  the  region  where  the  tumor  hod 
formerly  existed,  and  the  only  cicatrix  was  at  the  corner  of  the  mouth.  Twitches  of 
pain  have  been  felt  in  the  vicinity  of  the  scar,  especially  on  exposure  to  cold,  giving 
rise  to  the  suspicion  that  possibly  that  portion  of  the  growth  was  not  thoroughly 
treated. 

It  is  now  three  years  since  the  patient  was  treated,  and  the  recovery 
may  be  regarded  as  most  satisfactory.  In  reference  to  this  case  it  may 
be  remarked  : — 

1.  If  the  diseased  mass  had  been  thoroughly  separated  from  the 
surrounding  healthy  tissues  by  inserting  large  needles,  one  operation 
would  have  been  sufficient,  and  the  cure  would  probably  have  been 
absolute.  This  was  the  first  case  of  the  kind  that  we  had  treated,  and 
we  had  not  then  employed  the  method  of  working  Up  the  base,  and  had 
not  devised  the  long,  shaqi,  double-edged  needle  which  we  now  employ 
in  the  electrolyzation  of  large  growtlis. 

2.  There  was  scarcely  any  hemorrhage  or  other  unpleasant  symp- 
toms during  or  after  the  operation,  excepting  the  irritative  fever  of  which 
we  have  si)oken. 

Epithelial  cancer  in  n  lady  aged  thirty,  involving  the  rectum^  vagina^  and  exter* 
nal  parts — Elet/en  opcratiom  by  ordinary  electrolysis  and  eleetrolysii  of  the  kate  re- 
intn^e  the  growths,  alleviate  pain,  and  modify  very  greatly  the  rapidity  with  whuk 
the  disease  subsegnently  reappears — Sub  sequent  treatment  by  galx>an0-<autery  by  Dr, 
Byrne,  with  relief^Death  of  the  patient. 


Case  CCXXXVII. — The  wife  of  a  physician,  aged  about  30,  had  for  eight  yesan 
of  her  marrie<l  life  suffered  from  what  was  sup^«>sed  to  be  scirrhus  of  the  rectum, 
which  had  lieen  removed  by  ligatures  at  dttferent  times  and  by  different  surgeons. 

About  three  years  before  we  saw  her,  an  epithelial  cancer  appeared  at  the  entninct 
of  the  vagina  ;  this  gradually  increased  in  size  and  protruded,  until  October,  1871,  it 
appeared  to  be  about  one-half  as  large  as  a  cauliflower,  and  much  resembled  one  ta 
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appearanire.  The  discharge  \ns  very  profuse  and  very  offensive  ;  the  pain  terrible  and 
almost  constant.  The  growth  was  evidently  increasing,  and  only  with  difficulty  could 
the  patient  walk  about  the  house. 

A  more  distressing  case  of  disease  of  any  kind  we  had  never  seen.  After  each  re* 
noval  of  the  mass  by  the  ligature,  it  would  spring  up  almost  before  the  sight  and  be- 
come larger  than  before.  There  was  about  it  a  rankness,  a  fierceness,  a  malignity, 
quite  unu!iual.  Like  rampant  wecils  in  rich  soil,  the  more  it  waii  cut  off,  the  fasiter  it 
jjrew.  Kscharotics  of  all  kinds,  as  well  as  cundurango,  had  been  tried,  the  latter 
remedy  seeming  to  do  injury. 


>'* 


Fjg.  195. 
Epithelioma  of  the  vagina  and  vulva.   Cauliflower  appearance^ 


----F 


Fic.  196. 

Appearance  of  granulating  base  after  removal  of  a  portion  of  the  epithelioma  of  vagina 
and  vulva  by  electrotyds. 

The  galvano-cautery  had  been  suggested  by  Dr.  E.  R.  Peaslee,  whom   the  patient 

Pconsttlled,  and  Dr.  Byrne  had  intended  to  give  it  a  trial,  but  deferred  the  operation 

in  order  to  experiment  with  cundurango.      We  began  treatment  wrth  external  galva- 

bi/ation  in  nrder  to  relieve  the  pain.     The  first  treatment  accomplished  nothing  ;  the 

third  treatment,  we  connected  an  insulated  rectal  electrode  with  one  pole,  while  the 
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positive,  by  means  of  a  wet  cloth,  was  gently  passed  over  ihc  very  smsitivc 

the  tumor.     The  patient  was  relieved  of  pain  for  a  whole  night.     S«ti^al  irttii 

result,  we  now  rcwlved  to  use  the  needlei. 

With  the  assistance  of  Dr.  Rollon  aJuJ  the  husband  of  tl»c  f^licat,  we  r*fcf; 
eleven  tiroes,  with  inter^'als  of  two  or  three  weeks  between  the  liaKcrj.  full  ei 
mion  had  been  obt»ined  in  each  operation. 

Wc  uied  two,  three,  or  four  needles,  according  to  circomstaiiccs  jud  both 
were  inserted  into  the  base  of  the  growth. 

The  first  operation,  Oct.  20,  which  lasted  twenty-five  minutes,  reroovcd 
of  the  growth  ;  and  by  the  end  cf  the  third  operalioo«  all  the  growth  external  lo 
orifice  of  the  vagina  was  removed- 
Far  np  in  the  vagina  the  diseased  portion  could  readily  he  detectetl,  Bptcaftig 
in  all  diiections  like  a  watermelon  vine. 

Nuv.  I5tli,  there  was  some  evidences  of  a  reappearanpe  of  the  external  giovt^ 
those  parti  thnt  were  not  thoroughly  electrized.     Nov.  22d,  0])enied  a|;aJB  bf  dK' 
trolysis  for  half  an  hour. 

Dec.  5th,  0|>er«.(ed  again  by  electrolysis  iu  connection  with  I">r.  Byrne,  whohjr  lie 
aid  of  his  specidura  applied  the  gnlvanu-cautery  to  the  p<?rttoas  of  the  growth 
vagina.     Jan.  17th,  agnin  operated  by  the  same  meth«>d  for  thirty  mtnuiok    Tbc 
tcrnal  ulcer  caused  by  the  removal  of  the  tumur  hod  hitherto  fiem  aiwut  fuar  Okr 
long,  three  inches  wide,  and   one  inch  in  depth,  extending  from  the  txuddk  of  t^ 
labia  beyond  the  anus  on  the  right  side.  * 

'i'his  ulcer  now  began  to  heal  at  the  edges  and  to  contract.     Jan.  6th,  beg^  ^ 
use  of  nitrate  of  silver,  applied  to  the  ulcer,     Jan.  8th,  the  discharge  which  bal 
from  the  v.igina  was  much  dimini<>hed  and  the  ulcer  had  contracted  to  half  the  o(%^ 
mvl  sue.     Jan.  21st,  opjerateil  by  eleclroly>is  in  the  vagina  chiefly. 

March  24th,  repealed  the  operation  with  long  needles,  in  tlie  vagina,  uo 
ged  jjortiuns  of  the  growth.     We  were  now  able  to  ascertain  by  digital 
that  there  was  a  pretty  direct  connection  between  the  growth  in  the  ttctsm 
one  in  the  vagina  ;  they  seemed,  indeed,  to  be  extcnxions  from  a  comtnua  eeatn. 

The  septum  at  the  base  of  the  tumor  in  the  vagina  was  jo  thin  that  w»  ^"  '  ^""^ 
a  recto-vaginal  fistula,  and  great  core  was  necessary  in  operating,  to  pvevr 
cate  and  partially  dlsorgaoiccd  (issue  that  separated  the  two  camals.     Afxu  n.  s.'-* 
operated  by  electrolysis. 

Subsecjuently  the  actual  cautery  was  once  used,  in  the  hr>pe  tltat  pcriofnif 
cause  a  more  thorough  drying  up  of  the  profusely  dis.cha.rgmg  wriw-^  in  tfw  <3\pM^ 
but  the  results  of  its  use  were  unsatii^factory.    The  febrile  cor 
alarming,  and  the  local  pain  was  terrific  for  s«ver«l  days  after 
the  i^ummer,    local    applications  of  various  kinds    have     been  experinwnic:! 
among  others,  a  mixture  of  iodine,  iodide  of  poto^ium,  and  glycerine,  wtki 
employed  at  the  suggestion  of  Dr.  Byrne,  and  with  good  eflect. 

During  the  year  the  patient  had  t/»ken  cod-Uvcr  oil,  and  exoep4  by  tntervalt 
a  good  appetite.  Twice  a  severe  and  protracted  attack  of  sciatica  has  btm 
pn,  apparently  by  exposure  to  cold. 

At  one  time  the  patient  was  confined  to  her  bed,  and  was  somawhat 
During  the  summer  the  external  part  of  tlie  growth  gradu.ilJy  rtapttcar«4. 1" 
was  no  difficulty  in  urtoalion  ur defecation  ;  and  hence  wc  conclude  that  tW 
in  the  rectum  has  not  greatly  enlarged,  and  at  tite  last  eaaminatioa  ttm  tamtitim 
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tbe  vagina  was  nol  seriously  altem!.  We  have  all  along  reared  that  the  disease  would 
extend  to  the  uterus  but  exaininalions  made  at  different  limes  gave  no  evidence  of 
involvement  of  that  organ. 

The  operations  were  performed  with  a  einc-carbon  battery  of  eighteen  cells, 
fieslily  charged. 

The  conslringing  power  of  the  current  was  observed  at  both  poles,  bot  most  de- 
cidedly at  the  positive.  After  each  operation  the  surface  presented  a  dark  and  some- 
vrhat  charred  appearance,  as  though  it  had  been  sMgluIy  burnetJ.  No  large  artery  was 
severed  during  the  operalions,  hence  it  was  not  necessary  to  use  either  the  ligature 
or  persulphate  of  iron.  During  the  winter  of  1S73  Dr.  Byrne  twice  operated  on  the 
external  portion  of  the  growth  with  the  galvano-cautery.  The  result  was  a  most 
satbtfactory  healing  of  the  external  ulcer.  This  healing  was  much  mure  permanent 
than  the  healings  that  followed  electrolysis. 

We  have  given  the  above  case  in  considerable  detail^  because  of  its 
great  interest  to  surgeons,  and  especially  because  it  illustrates  most 
vividly  at  once  the  value  and  the  liniitatious  of  electrolysis  in  malignant 
tumors.     It  illustrates : 

1.  The  power  of  electrolysis  to  control  hemorrhage.  The  growth 
was  so  vascular  that  it  bled  quite  profusely  on  the  slightest  touch,  and 
yet,  under  the  various  and  protracted  electrolytic  treatments  to  which  it 
was  subjected,  the  amount  of  blood  lost  was  but  a  trifle. 

2.  The  fact  that  the  electrolytic  treatment  does  not  cause  shock,  to 
the  extent  that  similar  destruction  of  tissue  by  other  methods  would  be 
likely  to  do.  Twice,  when  chloroform  was  employed  as  an  annesthetic, 
the  pulse  acted  badly  and  compelled  us  to  suspend  the  operation  sooner 
than  we  desired ;  but  under  etherization  (he  needles  were  used  for  half, 
an  hour  and  longer  without  causing  any  shock.  The  stimuhts  of  the 
current,  with  the  occasional  interruptions  that  are  required,  seemed,  by 
reflex  influence  on  the  central  nervous  system,  to  act  as  an  antidote  to 
shock,  as  it  has  appeared  to  do  in  other  cases. 

3.  Better  healing,  and  later  reappearance  of  the  growth  than  after  the 
operation  by  ligature  and  caustics.  When  removed  by  ligature  this 
growdi  sprang  up  with  great  rapidity — in  the  course  of  a  few  days; 
even  before  the  eyes,  as  it  were,  it  seemed  to  enlarge,  and  to  develop 
an  oflensive  discharge  ;  and  the  base  never  began  to  heal,  even  on  the 
edges.  After  thorough  electrolysis  of  the  base,  this  growth  not  only 
did  not  show  signs  of  recurrence  for  several  weeks,  but  an  external 
ulcer  of  large  size  entirely  healed.  With  the  internal  ulcer  on  the 
feebly  organized  mucous  tissues  of  the  vagina  we  were  not  so  successful. 

4.  The  severe  irritative  fever  that  sometimes  follows  electrolysis. 
After  all  the  operations,  the  patient  was  confined  to  her  bed  for  several 
days,  and  was  more  or  less  distressed  by  inflammation  and  swelling,  nol 
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only  on  ilie  edges  of  the  ulcer,  but  at  some  distance  dovn  the  natff  ami  j 
through  the  labia.     The  swelling  of  the  labia  was  so  great  tli-i  » 

and  pain  were  experienced  in  passing  water.  It  should  be  uvit-...,  -• 
ever,  that  after  ihe  operations  with  the  galvano-cauter}*  ajul  the  xctuiJ 
cautery,  the  irritative  fever  and  surrounding  inflarimiation  were  inuob 
more  decided  and  distressing,  and  for  that  reason  we  returm-d  tu 
trolysis. 

5.  The  utter  inability  of  even  the  most  lliorough  and  i 
troljitations  of  the  base,  to  permanently  eradicate  the  j^r 
parts  where  it  was  connected  with  the  mucous  membrane,     Altbou^  ^ 
base  was  thoroughly  worked  up  by  inseriing  tlie  needles  into  the  hcaJj 
tissue  snrrouitditig  it  so  as  to  completely  cut  oh'  all  coniniunioiion  ti 
tween  the  natural  and  morbid  piurts,  yet  the  disease  rxleudcd  fr^m 
ragjna,  until  quite  distant  parts  were  attacked  and  became  satorxti 
with  cancerous  degeneration.     The  externa  J  portion  of  the  growth 
Ticcted   with   the  perineum  and  nates  was    a])]>arcntly  eradicated  *l 
thoroughly  and  as  successfully  as  the  cases  of  epithelioma  of  ibe  l«j\ 
previously  reported,  and  the  subsequent  reappearance  of  the  gro«A 
was  due  to  the  extension  of  the  disease  from  the  vagina,  which  p«rt 
could  not  be  thoroughly  impressed  by  electrolysis. 

6.  The  comparative  value  of  electrolysb  and  galvano-cautay.    The 
healing  after  electrolysis  was  incomj^arably  n)ore  safiifactory  thafl  ^^^ 
the  ligation  ;  but  in  the  course  of  months  the  growth  returncil.  'll**' 
rently  by  extension  from  the  vagina.     The  irritative  fever  tlia 
the  electrolytic  operations  was  not  observed  to  any  marked  >1  - 
the  use  of  the  galvano -cautery,  and  more  time  elapsed  before  r, 

Take  the  case  all  in  all,  its  long  standing  and  wide 
cessively  rapid  growth  and  still  more  rapid  reappearance  _  .-.    , 
by  ligature,  the  frequent  repetition  of  long  clectnitfxaiionK  ifl ' 
temporary  benefit  resulting  therefrom,  and  the  opi 
for  comparing  the  advantages  of  electrolysis  an»l    . 
may  probably  be  regarded  as  without  a  precedent  in  clcclro  - 

Tioo  genera/  -'arieties  of  cancer  of  breast. — In    llieir   rt 
electro-therapeutics  there  would  appear  to  be  two  gcnerjl  < 
tumors   of   the  breast ;    one  variety   in  which  all  or 
manuna  is  involved,  and  which  is  very  hard.  Uim,  and  «.>; 
skin  being  tense,  glossy,  and  indicating  inflammation  and  •• 
The  variety  is  more  obstinate  and   nnytclding  ;  the  pain  ni 
lieved,  but   the  tumors  do  not  grow  smaller  mider  llic  action  v«  tk 
current ;  they  can  be   diminished  in  size  or  removed  only  by 
destruction  of  the  tissue. 
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In  the  other  variety  the  tumor  involves  but  a  limilecl  portion  of  the 
breast ;  the  skin  is  not  tense,  but  is  soft  and  yielding,  and  of  the  natural 
color;  the  growth  is  felt  as  a  nodule  beneath  the  skin,  and  the  pain  is 
not  usually  so  severe  as  in  the  other  variety,  and  the  growth  is  much 
slower.  This  variety  is  the  one  that  is  most  disposed  to  yield  to  dec 
trical  treatment.  Not  only  is  the  pain  relieved,  but  the  tumors  grow 
softer  and  smaller.  In  other  cases  their  advance  is  arrested  by  the 
trearment,  so  that  they  remain  stationary  for  months  or  years. 

Whether  what  we  call,  for  convenience'  sake,  and  for  clinical  reasons, 
only  two  varieties,  are  really  but  different  stages  of  one  variety  ;  whether 
the  latter  may  sometin^es  come  under  the  head  of  abscess,  or  of  the 
atrophying  cancer  described  by  Billroth — these  questions  we  resign  to 
the  pathologists  of  the  future. 


\ 

FlO.  197. 

^Iius  of  the  breast  treated  by  ordinary  electrolysis.  Three  needles  connected 
with  nc^Mtive  pole  in  body  of  tumor  ;  connection  made  by  a  sponge,  the  positive  pole 
at  the  indifferent  point  on  the  lupus. 

Scirrhus  of  the  left  breast  in  a  woman  aged  forty-five — Complete  and  instant  relief 
from  exfruciating  pain,  and  in  the  course  of  four  days  disappearance  of  one-half 
the  growth  from  one  electrolytic  operation — Retrocession  of  th*  disease  to  the 
towels,  resulting  in  death. 

Case  CCXXXVUI.— Mrs.  ,  aged  about  45,  an  inmate  of  Bellevue  Hospital, 

was  affectctl  with  ca,ncer  of  ihc  left  breast. 

The  main  portion  of  the  sctrrhus  was  the  sixe  of  an  ordinary  orange,  and  extend* 
ing  into  the  axilla  were  a  number  of  cancerous  nodules  of  conMiJerable  sia*. 

The  suirouniiini;  and  intervening  lisinue  was  as  hard  and  unyielding  as  the  tumor 
itself.  The  process  of  suppuration  was  licyinnitig  to  manifest  itself,  and  for  several 
weeks  the  patient  had  sufferefl  ni;;ht  and  ilay  the  m<>si  excruciating  pain  through  the 
discase<J  parts.  The  first  operation  was  i>crformeil  in  one  of  the  wards  of  the  ho»» 
[Atal,  in  the  presence  of  Prof.  Frank  H.  Hamillun  (whu  Imd  reqiioietl  Lis  to  0{^ier&te 
by  the  electrolytic  method)  and  his  private  class.     The  patient  having  been  etherized. 
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VIC  introduced  deeply  into  the  upper  poriion  of  the  breast  three  gilded  needles,  and 
with  a  fourth  transfixed  the  largest  of  the  axillary  mxlulcs.  The  positive  ptde  {f 
large  moist  sponge)  was  applic<l  to  the  under  portion  of  the  gland.  No  very  decided 
change  was  manifest  in  the  appearance  of  the  mass  during  the  operation  oilier  l!wa 
some  puffing  up  of  the  skin,  due  to  the  disengaged  hydrogen  ;  but  very  soon  after  it 
began  to  decrease  in  size,  and  in  one  week  not  only  had  all  the  hardness  of  the  sur- 
rounding tis-tuc  and  all  the  axillary  cnUirgcnicnts  entirely  disappeared,  but  the 
moiamary  tumor  had  decreased  in  aizeat  least  one-half.  The  most  grateful  relief  the 
patient  experienced,  however,  was  the  complete  .lud  "Miemingly  permanent  dissipation 
of  pain.  In  ten  dayswc  again  operated,  and  by  the  same  method,  in  the  amphi- 
theatre and  befure  Dr.  Hamilton  and  the  regular  cla-ss  of  the  college.  On  the  fol- 
lowing day  the  patient  felt  so  comfortable  that  she  left  the  hospital,  and  in  a  week's 
lime  presented  herself  for  exaniination,  when  it  was  found  that  there  had  been  a  still 
further  decrease  in  the  size  of  the  tumor.  She  still  remai«tcd  entirely  free  from  f>ain, 
and  wns  delighted  with  the  results  of  the  treatment.  Most  unfortunately,  we  now  lost 
sight  of  the  patient ;  but  a  few  months  subsequently  she  returned  to  the  hospital,  suffer- 
ing  from  malignant  disease  of  the  intestine,  of  which  she  died. 

The  following  is  a  condensed  report  of  a  case  treated  by  us  in  co. 
operation  with  Dr.  A.  B.  Crosby.  We  give  it  substantially  as  detailed 
by  hini :  * 

A  case  of  scirrhus  of  the  rectum — Relief  of  sym/toms — Satisfactory  healing — 

Death. 

Case  CCXXXIX. — Mrs,  L.,  aged  60,  a  lady  of  a  nervous,  but,  on  the  whole,  of  3 
healthy  tem[>cramcnt,  came  under  our  care  Nov.  "jxh,  1871.  For  three  years  she  had 
been  suffering  from  a  tumor  of  the  rectum  that  was  evidently  of  a  malignant  charac- 
ter— suth  at  least  had  been  the  opinion  of  the  large  number  of  physicians  and  surgeons 
who  had  seen  the  patient.  Bougies  were  frequently  inserted  and  various  remedies  had 
been  tested — among  others  cundurango,  which  the  patient  thought  afforded  some  relief. 
On  examination,  it  was  found  that  the  growth  extended  about  three  inches  up  the  rec- 
tum, forming  a  hard  ring  and  a  stricture  so  narrow  in  the  upjier  portion  as  hardly  to 
admit  the  end  of  the  index-finger.  The  patient  was  tormented  with  flatulence,  and 
the  distress  in  the  region  of  the  tumor  and  of  the  nerves  that  supplied  it  was  very 
great.  The  pain  in  defecation  was  severe,  and  the  passages  were  small  and  very  fre- 
quent. She  was  able,  however,  to  go  about  the  house  more  or  less,  and  occasionally 
rode  out. 

We  began  treatment  by  localized  galvanization  externally  by  various  forms  of  rectal 
electrodes.  By  these  applications,  (here  wa*  a  decided  and  grateful  relief  of  the  pain 
and  of  the  flatulence.  This  relief  continued  so  long  u  this  method  of  treatment  was 
used. 

January  7th,  1S72,  Dt.  Crosby  ruptured  the  sphincter  with  the  assistance  of  Drs, 
Reese  and  Ostrandcr,  who  administerc<J  ether.  We  operated  with  a  linc-cartcm  bat- 
tery on  these  protuberances  by  the  ordinary  method  of  electrolysis.  The  usual  small 
needles  were  used.  The  operation  was  followed  by  tome  irritative  fever,  but  the 
patient,  on  the  whole,  bore  it  excelleitlly,  and  the  whole  growth  w«s  relaxed  a  Uut 
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the  passages  were  easier.  Three  weeks  after  the  operation  the  patient  was  verj 
Tniu;h  l>etler,  and  went  round  the  house. 

The  operation,  which  lasted  forty  minulf;,  including  intermissions  consisted  lo 
in!«rling  one  needle  connected  with  the  positive  pole  into  the  body  of  the  growth, 
while  the  negative  needles  were  run  through  the  base  aod  made  to  wari  around  the 
inside  of  the  rectum  at  the  base  of  the  tumor,  as  far  as  it  was  deemed  prudent  to  go. 
The  growth  was  mostly  removed  in  this  manner,  and  with  very  little  hcmorrhaije. 
The  entire  thirty-two  cells  were  employed,  and  the  patient  was  kept  under  ether  for 
two  hours.  Irritative  fever  followed  the  o|ieralion  fur  five  days.  The  pulse  went  up 
to  I20.  There  was  some  tiatulencc  and  pain  in  the  abdctmen,  hut  no  positive  tender* 
ness.  Tlterc  was  considerable  urethral  irritation  and  dysuria,  and  the  urine  was 
drawn  by  a  catheter. 

In  a  few  days,  the  patient  was  able  to  discharge  large  and  well'formcd  fccces.  For 
about  a  tuonlb,  there  was  some  discharge  from  the  rectum,  but  do  sj-mptoras  of 
pyixmia,  or  of  peritonitis  or  of  cellulitis  that  might  be  feared  from  so  formidable  an 
operation. 

From  May  to  June  there  was  but  little  pain  in  the  rectum  comparatively,  and  the 
patient  was  able  to  walk  about  and  to  go  out. 

May  i5ih,  the  patient  rude  out  with  comfort,  and  she  strongly  hoj>ed  that  the 
relief  would  be  |>erm:\neT)t  ;  but  there  were  signs  uf  a  recurrence  of  the  growth,  in- 
creasing stricture  anl  ijv-luraii[->n,  ami  the  fieces  gradually  became  smaller. 

During  all  this  time,  Dr.  Crosby  was  in  the  habit  of  introducing  sponge-tents  of 
go«)<i  size  about  every  week  or  ten  days. 

Dr.  Crosby  being  called  away  July  1st,  Dr.  George  K.  Smith  was  called  in,  and 
suggested  the  use  of  ox-gall  injection  lo  soften  the  ficces.  This  suggestion  was  acted 
upon  with  good  results. 

The  patient,  who  was  subsequently  sccd  by  Dr.  Colton,  gradually  grew  weaker 
during  the  excessive  heat  of  the  summer,  and  died  October  27th,  1872,  apparently 
from  exhaust  ion. 


Dr.  Crosby  thus  epitomizes  the  important  features  of  this  case  in  its 
electro-surgical  as|>ccts : 

"  That  this  growth  was  malignant  was  evident  from  the  historj'  of  the 
case  and  all  the  syinptoms,  and  was  established  by  the  microscopic  ex- 
amination of  Dr.  Spier.  I  am  disposed  to  believe  that  if  the  tumor  had 
been  in  a  position  where  it  could  have  been  more  readily  reached,  and 
where  the  wlwle  growth  and  tht  adjacent  parts  could  have  been 
thoroughly  elcctrolyzed,  the  results  would  have  been  very  much  better. 
As  it  was,  it  seemed  unjustifiable  to  interfere  too  seriously  with  the  gut, 
lest  we  might  destroy  it  and  produce  recto  vaginal  fistula. 

"The  stricture  extended  u[>ward,  about  three  inches  above  the  anus, 
and  ranged  from  three-fourths  of  an  inch  to  an  inch  in  brfadth. 

"It  was  only  at  one  point  atiteriorly  that  it  extended  higher  than  three 
inches.  At  this  point,  a  little  indurated  tissue  could  not  be  removed 
without  endangering  the  recto-uterine  pouch  of  the  peritoneum. 
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"  \\Tialever,  then,  might  have  been  hoped  in  case  the  removal  had  beei: 
absolutely  complete,  it  was  certain  that  the  disease  must  continue  to 
develop  in  this  particular  case.  Anatomically^  three  inches  of  the  rec- 
tum— that  is,  that  portion  within  the  perineum — may  be  safely  removed 
by  the  knife  even.  In  the  above  case,  the  spear-pointed  electrodes 
brought  away  a  large  annular  mass  of  scirrhus  when  the  operation  was 
performed. 

*'  This  was  followed,  a  few  days  later,  by  the  separation  of  a  large 
annular  slough,  and  the  rectal  wall  was  left  soft  and  free  from  disease, 
except  the  small,  indurated  spot  that  extended  above  the  floor  of  the 
pelvis  and  could  not  be  safely  removed.  It  is  a  fair  question  whether 
if  the  operation  had  been  done  earlier,  radical  improvement  might  not 
have  followed. 

"A  point  of  practical  convenience  was  seen  in  the  method  adopted 
to  reach  the  stricture. 

"  I  first  completely  ruptured  the  sphincter  ani,  so  as  to  induce  com- 
plete relaxation.  A  piece  of  two-inch  lead  pipe,  about  two  inches  in 
length,  with  a  handle  soldered  on  one  side,  made  an  excellent  speculum, 
which  was  pushed  up  to  and  brought  the  stncture  fully  into  view. 

"  Through  this,  it  was  possible  to  carry  the  spear  shaped  electrodes 
through  the  stricture  with  ease  and  certainty,  and  move  them  freely 
around  the  circumference  of  the  bowel. 

"This  case  showed,  what  I  have  witnessed  in  other  cases  treated  by 
electrolysis,  no  primary  shock. 

"  The  irritative  fever  which  followed  was  very  marked  for  sonje 
days,  but  there  was  no  primary  disturbance,  either  of  temperature  or 
pulse. 

"The  removal  immediately  by  the  electrodes  and  secondarily  by 
sloughing  of  so  much  tissue  necessitated  free  granulation. 

"The  repair  which  followed  was  unusually  rapid.     In  fact,  in  this' 
and  in  other  cases  treated  in  the  same  way,  I  have  been  impressed  with 
the  fact  that  proliferation  is  very  rapid  after  electrolysis. 

*'  In  this  case,  the  granulating  surface  healed  rapidly  and  completely. 
We  anticipated,  independently  of  any  recurrence  of  the  disease,  decided 
contraction  of  the  cicatricial  tissue. 

"  Electrolysis  did  not  save  the  patient's  life,  but  it  was  more  efficient 
than  any  plan  of  treatment  I  have  seen  adopted  in  these  most  distress- 
ing cases." 
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Extirpation  of  a  mammary  cancer  by  the  Jtni/e,  f  dittoed  by  complete  deslrttcfion  of 
the  underlying  titsue  by  electrolysis — Reappearance  of  the  gnnfi h. 

CaseCCXL. — Mrs.  H.,  a  married  !:idy,  aged  about  forty,  came  under  our  obscrva 
tion,  through  the  kindness  of  rroF.  J.  L,  Cabetl,  of  the  University  of  Virginia,      The 
patient  was  suffering  from  cancer  (scirrhus)  of  the  left  breast  of  abcnit  the  sire  of  ani 
ordinary  oranye,  and  in  addition  one  of  the  axillary  glands  was  enlarged   to  the  pro- 
portions of  an  ordinary  hickory-nut, 

She  had  observed  while  in  India,  eighteen  years  before,  a  small  lump  "m  tlie  breast, 
bnt  during  all  the  years  of  her  residence  in  that  climate  it  remained  stationary  and 
never  annoyed  her.  About  eighteen  montlis  before  wc  saw  her,  she  left  Inilia  for  Eng- 
land, tind  soon  after  arriving  in  that  colder  and  damfwr  atmosphere  the  lump  Ijcgan 
to  enlarge.  During  the  procejis  of  its  growth  she  lias  siiffcred  from  occasional  neural- 
gic pains,  but  of  no  great  severity. 

On  June  iz,  19,  and  28,  t873,  wc  o[->erated  by  the  ordinary  method  of  electrolysis, 
on  each  occasion  introducing  three  neenJles.  These  efTorls  merely  resulted  in  a  softer 
condition  of  the  tumor,  with  pos.MbIy  wjmc  slight  diminuilou  in  size,  and  we  deter- 
mined to  extirpate  the  growth,  and  to  destroy  the  suiroiuiding  I  issue  by  the  under- 
mining electrolytic  process.  The  patient  went  to  her  home,  and  in  Uctuber  »he 
relumed  and  submiltctl  to  the  radical  operation.  Instead,  however,  of  tuking  away 
the  tumor  by  the  process  propose<l,  we  secured  the  services  of  Dr.  A.  B.  Crosby,  who, 
on  the  eighth  day,  after  the  patient  had  been  thoroughly  etherized  by  Dr.  N.  B. 
Emerson,  quickly  removed  both  the  breast  and  the  enlarged  glan<!  of  the  axilla. 

We  had  at  hand  an  appliance  consisting  of  some  twenty  pnints,  projecting  from  a 
metal  plate  an  inch  and  a  half  long,  by  an  inch  in  width. 

This  contrivance,  which  we  call  a  harrow  cleclro<lc,  was  placetl  on  a  portion  of  the 
surface  of  the  wound,  and  the  operation  was  continued. 

The  needles  penetrated  somewhat  into  the  csfHJscd  liwucs,  and  the  elect ri)|ylic  pro- 
cess, which  wos  at  once  begun,  gave  evidence  of  its  usual  activity.  Hydonjon  was 
developefl  in  abundance,  and  the  tissues  changed  in  cohir  and  conniHtrncy,  and  ra|jid 
and  complete  destruction  followed  to  a  considerable  depth.  By  ihio  method  the  whole 
of  the  freely  exposed  surface  was  worked  over  ami  <lc<itriiyed,  nnd  ihouc  jiortiunt  that 
were  more  or  less  hidden  were  treate<l  by  two  or  tliror  rtrdlnary  cteclrolylln  iterdlet, 
It  was  necessary  to  observe  some  caution  in  (l»c  rcgidulion  of  the  Mrengih  of  ilit 
current  and  the  position  of  the  poles,  for  when  the  ciirrciU  wa»  iiicrea»cil  above  a  cer- 
tain point,  or,  through  the  position  of  the  pfjic*,  afflctteil  too  directly  the  pnentno- 
gastric  nerve,  the  heart's  action  t>ccamc  mo*t  nmrkdlly  lowered  Imth  In  frr>|iiency  nnd 
force.  On  modifying  the  influence  of  the  current,  howevw,  llw  clrculalinn  Irocaint 
as  strong  as  usual— for  a  moment,  indeed,  tbera  wii»  •m  IncmnNtd  vigor  In  thr  reaitlon. 
The  suppuration,  which  wan  fjwiie  pfol«»e  for  a  llmr,  wan  fiillownl  by  a  iienlthy  |{ta. 
nulating  surface,  and  in  ten  ilay*  thv  palirni  wan  »ufftt  Ir-jidy  trcuvvicd  to  return  10 
Virginia,  where  the  healing  protc*  proiju»*r<l  faviiiubly  (hioughuul. 

Some  six  months  fcul)icqucnlly  llw  growth  b«uan  In  reapiwar,  arid  will  mtdouUedlf 
destroy  the  patient. 

The  above  history  «  of  in^'rcM,  •Imply  m  nn  lllii»lrAHon  of  th« 
special  method  of  ireatmcfii  oiJiployflrl,  Thi  Cftto  WM  of  m«ny  yctri' 
standing— for  two  year*  Iho  growth  hud  Umh  coitBlnnlly  enlarging,  in. 
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volving  the  axillary  glands — hence  it  cannot  by  any  means  be  regarded 
as  a  test  case.  Of  the  two  methods  of  treating  scirrhus,  vix.,  the  re- 
moval of  the  growth  by  the  electrolytic  process  alone,  without  the  use 
of  the  knife,  or — as  in  the  case  just  related— extirpation  by  the  knife, 
with  the  subsequent  employment  of  electrolysis  for  the  purpose  of 
destroying  the  reproductive  power  of  the  disease — the  latter  seems,  at 
least  to  one  of  the  authors  of  this  work,  decidedly  preferable. 

By  this  method,  although  two  distinct  operations  are  performed,  less 
time  is  consumed  in  the  operation,  and  it  is  possible  more  effectually, 
and  to  a  greater  depth,  to  destroy  the  underlying  tissue. 

Relief  of  the  pain  of  cancer  by  galvanization. — So  long  as  we  are 
able  to  do  so  little  towards  the  radical  cure  of  the  worst  fonns  of  cancer, 
it  can  never  be  amiss  to  dwell  upon  any  means  that  >vill  even  for  a 
time  relieve  the  awful  agony  that  so  frequently  attends  it. 

It  is  not  sufficiently  understood  what  a  magic  influence  an  intelligently 
directed  a|)plication  of  the  constant  current  exercises,  as  a  rule,  over 
the  throbbing  pains  of  scirrhus,  especially  of  the  female  breast.  The 
woman  at  Bcllcvue,  we  referred  to  in  Case  CCXXXVIIL,  p.  747,  had 
sutTered  most  severely  for  niany  weeks.  After  the  first  introiUiclion  of 
the  needles  every  vestige  ot  pain  left  her,  and  during  the  two  weeks 
that  she  was  under  observation,  before  leaving  the  hospital,  she  was 
entirely  comfortable.  A  number  of  similar  cases  might  be  recorded, 
but  we  will  ofter  only  the  following,  which  is  perhaps  of  more  interest 
than  the  majority : 


An  immenxe  ulcerating  seirrhux  of  the  breaii  attended  hy  the  most  excrueiatinf[  amJ 
conitant  agony — A'l'  relief  /(i/lcnus  the  use  of  the  gith'ano-cautery  or  elertrolytif, 
6ut  by  eictertial  galvunisatioH  the  Jt^tin  is  kept  almost  entirely  in  aheyance  far 
months. 

CaseCCXLI.— In  February,  1S73,  Mrs. ,  a  pntient  of  Dr.  Everett  Hcnrick, 

came  to  us  seeking  relief  from  an  iintTien>e  ulceraling  cancer  of  llie  breast.  The 
tumor  had  been  removed  more  than  a  yeap  previously  by  Dr.  VV.  H.  Van  Uuren, 
but  ihc  wound  did  not  entirely  he.il,  ani,  a  few  months  subsequently,  the  ulcerative 
process  beijan,  and  steadily  progressed.  For  many  months  the  pain  from  which  she 
suffere<i  had  been  of  urttu-ual  severity. 

By  the  advice  of  her  physici.ins,  above-named,  she  was  submitted  to  localized  gal- 
vuiization  of  the  sound  portions  surrounding  the  ulcerating  part,  and  by  fretiucnt 
applications  the  intense  pains  were  for  nearly  four  months  liehl  in  almost  roinpletc 
abeyance.  At  limes,  however,  her  sufferings  were  most  intense,  and  wonU  fail  to  ex- 
press the  instantaneous  and  absolute  relief  that  invan-ibly  followed  the  treatment. 
We  v;ould  occanonally  find  her  in  the  morning  sitffermg  most  acutely.  An  applica* 
tion  wouJd  dissipate  the  pains,  and  for  twenty-four  hours  frequently,  and  wnielimea 
for  forty-eight,  she  would  mo%'e  about  and  rest  in  perfect  comfort.     In  the  latter  pwt 
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of  May  it  was  observed  that  the  ctirrent  did  not  afford  the  same  relief  as  formerly. 
The  character  of  her  sufferings  had,  however,  changed.  In  the  place  of  the  sharp, 
shooting  pains  simulating  neuralgia,  the  distress  consisted  in  a  constant  burning  and 
itching,  which  annoyed  her  more  or  less  until  her  death  some  few  months  subse- 
quently. It  must  be  remarked  that  her  later  sufferings  were  not  to  be  compared  with 
those  which  the  current  so  effectually  allayed. 

Was  the  change  in  the  character  of  lier  pains  the  result  of  the  galvanization,  or  is 
it  probable  that,  if  left  to  nature,  the  characteristic  neuralgic  pains  would  in  the  same 
way  have  been  replaced  by  the  less  distressing  symptoms  of  itching  and  burning  ? 

It  is  impossible  to  say,  but  it  seems  reasonable  to  attribute  the  changed  action  to 
the  influence  of  treatment.  It  is  proper  to  say  that,  during  the  course  of  treatment, 
we  operated  in  the  presence  of  Drs.  Van  Buren  and  Herrick,  by  both  the  galvano- 
cautery  and  electrolysis,  with  the  vain  hope  of  modifying  in  some  d^ree  the  profuse 
and  offensive  discharge  and  checking  the  rapidity  of  the  iilcerative  process.  This 
case  was  alone  sufficient  to  teach  the  necessity  of  care  in  the  application  of  electricity, 
and  to  confirm  the  statement  that  it  is  not  so  much  electricity  that  relieves  and  cures 
as  the  method  of  using  it.  An  application  too  prolonged,  or  with  a  current  of  too 
great  tension,  would  not  only  fail  to  relieve,  but  on  the  contrary  decidedly  aggravate 
the  distress.  The  cathode,  applied  to  the  seat  of  pain,  did  not  relieve  as  did  the 
anode. 

The  pain  was  for  some  time  overcome  by  simple  localized  galvanization,  but  dur- 
ing  the  last  weeks  of  treatment  the  applications  were  effectual  only  when  the  elec- 
trodes were  separated  as  far  as  possible. 


CHAPTER  V. 


ANEURISMS   AND    VARICOSE    VEINS. 


In  the  treatment  of  aneurism  the  great  end  sought  is  coagulation, 
knowledge  of  the  differential  action  of  the  poles  in  producing  coagula^ 
tioii  is  essential  to  an  intelligent  use  of  electricity  in  treating  aneurisn 
Coagulation  takes  place  at  both  poles  of  the  galvanic  current ; 
at  the  positive  pole  being  small,  black,  and  hard  ;  and  tliat  at  the  n« 
tive  being  larger,  softer,  and  of  a  yellowish  color. 

Aneurisms  may  be  treated,  with  greater  or  less  success,  according  to 
their  size  and  position,  the  condition  of  their  walls,  and  general  health 
of  the  patient,  by  either  of  the  poles,  or  by  both  combined. 

The  best  method  for  the  majority  of  cases,  certainly  for  aneurisms  i 
any  considerable  siite,  is  to  use  both  poles,  and  a  large  number  of  needle 
that  axe  insulated,  so  that  the  current  will  not  act  on  the  walls  of  th 
aneurism.     In  the  treatment  of  aneurism,  especially,  careful  insulation 
needed.     The  advantage  of  using  both  poles  is  twofold. 

First, — A  double  clot  is  formed,  one  at  the  positive  and  the  other  at' 
the  negative  pole.     Although  the  negative  clot  is  soft  and  yielding,  still, 
in  combination  with  the  positive  clot,  it  is  of  decided  service  in  closing 
the  aneurism  ;  and,  so  far  as  we  can  ascertain,  there  is  no  evidence  that- 
embolism  is  ever  caused  thereby.  ■ 

Secondly.  The  resistance  is  greatly  reduced  by  placing  needles  con- 
nected with  both  poles  in  the  sac,  so  that  the  electrolytic  action  is 
very  much  more  effective  than  when  one  pole  is  placed  on  the  suHacM 
of  the  body.     The  blood  is  the  portion  of  the  body  that  best  conducts 
electricity  ;  and  when  both  poles  are  inside  of  the  sac,  and  near  to  each 
other,  as  of  course  they  must  be,  a  mild  current  will  cause  vigoroi 
electrolysis.     On  the  other   hand,  if  one  pole  be  applied  by  a  w* 
sponge  to  some  indifferent  point  on  the  surface,  a  strong  current 
needed  to  produce  a  clot,  and  a  long  operation  ;  and,  unless  the  spon; 
on  the  surface  is  occasionally  moved,  it  would  cause  great  pain  ;  and 
the  patient  is  under  an  anaesthetic,  a  blister  may  be  caused.     As  the 
negative  pole  is  more  painful  than  the  positive,  when  the  positive  aloi 
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15  in  the  aneurism,  the  negative  on  the  surface  may  be  very  uncomfort- 
able, even  with  a  feeble  current.  We  are  aware  that  tolerably  good  re- 
sults have  been  secured  in  many  cases  of  aneurism,  and  especially  by 
the  English  surgeons,  by  the  positive  pole  alone ;  but  we  suspect  that 
better  results  might  have  been  obtained  if  both  poles  had  been  inserted 
into  the  sac  At  all  events  the  use  of  both  poles  should  be  thoroughly 
tested. 

In  the  electrolytic  treatment  of  aneurisms,  as  in  so  many  other  elec- 
trical applications,  it  is  an  advantage  to  have  arheostate,  so  as  gradually 
to  let  the  current  on  or  off  without  shock. 

Statistics  of  Aneurism  treated  by  Electricity^ — The  published  statis- 
tics  of  aneurism  treated  by  electricity  are  of  little  or  no  value,  and  for 
two  reasons  :  i.  They  represent  experiments  made,  in  a  large  percent- 
age of  the  cases,  by  those  who  are  but  little  familiar  with  Electro- 
Physics,  or  Electro- Physio  logy.  Quite  frequently  the  poles  have  been 
confounded,  so  that  it  is  impossible  to  tell  whether  the  positive  or 
negative  is  used,  and  from  many  of  the  accounts,  it  is  impossible  to 
tel!  even  approximately  the  strength  of  current  emi)loyed. 

2.  The  statistics  are  derived,  in  part,  at  least,  from  cases  that  are  re- 
ported too  early.  The  temporary  relief  that  results  from  the  coagulum 
formed  in  the  aneurism  by  the  chemical  action  of  the  current  has  been 
interpreted  as  indicating  a  perfect  recovery. 

Some  of  the  cases  hastily  reported  as  cured  probably  died  soon  after, 
if  not  before,  the  account  of  their  recovery  was  fully  in  print. 

For  these  reasons  we  omit  all  the  statistics  that  have  appeared  on 
this  subject ;  preferring  the  general  average  opinion,  so  far  as  it  can  be 
obtained,  of  those  surgeons  and  electro- therapeutists  who  are  best  qual- 
ified to  speak  on  this  subject. 

Our  general  conclusion,  derived  from  many  experiments  on  animals, 
from  actual  experience,  and  from  a  comparison  of  the  various  observa- 
tions that  have  been  made  on  the  subject,  is  that  for  those  varieties  of 
aneurism — such  as  the  thoracic,  abdominal,  and  so  forth — that  cannot 
well  be  treated  by  the  old  methods,  and  in  some  cases  for  those  that  are 
accessible  to  other  treatment,  gal va no-puncture,  rightly  performed,  may 
be  of  great  service  in  relieving  the  accompanying  symptoms,  in  prolong- 
ing life,  and  may  now  and  then  achieve  a  radicali  cure. 

The  following  case  is  condensed  from  the  published  account  of  Dr. 
Kcyes,*  in  co-operation  with  whom  the  operations  were  made  : 


*  New  York  Medical  Jotinia],  December,  1871. 
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Aneurism  of  (dxiominal  aaria  treated  by  gahfano-puncture — Relief  of  symftffms — 
Death  and  post-mortem. 

Case  CCXIJI. — A  widow,  42  ycarsof  age,  had  been  aHIkted  for  many  months  wth 
a  "  swelling  in  her  stomach,"  thai  all  the  surgeons  regard  as  aneuriion  of  the  superiof 
mesenteric,  or  of  the  aorta.  The  patient  was  in  Chortty  Hospital.  Tliere  wis  pain  in  tha 
eptga.stric  region,  which  was  aggravated  by  oiovemenL  The  tumor,  wliicli  was  abctut 
the  si^cof  tiie  fist,  was  situated  to  the  left  of  the  median  line,  and  extended  a  litlla 
below  the  umbilicui.  A  thrill  could  be  detected  at  the  upper  part  of  the  tumor,  but 
not  at  the  lower. 

The  patient  was  gradually  failing. 

The  only  case  of  treatment  of  abdominal  aneurism  by  galvano-poncture  recorded  at 
tliat  time  was  that  of  an  Italian  nobleman,  a  patient  of  Dr.  Felice  Dell'  Acquia.*  la 
this  case  the  patient  died  directly  after  the  operation  from  rupture  of  the  aticurismal 
sac,  caused  by  violent  muscular  contractions  while  under  the  influence  of  clUoroform. 
Three  needles,  connected  with  a  voltaic  pile,  were  used  for  forty  minutes.  Only  a 
small  coagulum  was  formed. 

March  30th,  1S71.  A  hollow  steel  needle  was  cautiously  introduced,  and  connected 
with  the  positive  pole,  while  the  negative  pole  was  applied  externally  by  means  of 
sponge.  Only  from  eight  to  twelve  zinc-carbon  cells  were  used.  Drs.  Wood,  Sayre, 
and  Mason  made  digital  compression  to  the  aorta  below  the  umbilicus.  The  needle 
adhered  and  came  out  with  some  difficulty,  but  no  blood  followed,  Tfu  bruit  seemed 
fainter  than  before  the  operation.  No  unpleasant  result  followed  except  some  pain 
that  was  produced  by  the  compression,  and  exhaustion  that  was  produced  by  the 
etherization. 

April  6th.  Operated  as  before,  but  with  two  positive  needles,  insulated  to  within 
a  short  distance  of  the  points.  One  of  the  needles  was  hollow,  and  was  introduced 
until  the  blood  flowed  through  it.  From  twelve  to  sixteen  freshly  charged  zinc^carlxja 
cells  were  use»l  for  twenty-five  minutes.  The  solid  needle  was  more  acted  on  tlian  the 
hollow  needle,  being  nearly  destroyed  at  the  non-insulatetl  extremity.  No  compressioa 
was  used.  Before  the  operation  two  murmurs  were  heard ;  after  the  oJ>eraeioHf  but 
one.  Patient  suffered  less  than  after  the  other  operation.  Some  irritative  fever  aj 
peared.      Evidence  of  solidification  of  the  tumor. 

May  4th.     Six  positive  needles  were  introduced ;  three  connected  with  a  cinc>car1 
battery  of  seventeen  celb  with  larger  plates.     The  current  was  passed  for  forty 
minutes.     There  was  no  compression  of  the  aorta. 

June  22d.     Patient  greatly  improved ;  gets  up  and  dresses  herself.     Tumor  quil 
hard. 

Used  two  batteries  as  in  previous  operation.  Eleven  needles  were  used,  and  the 
current  was  passed  sixty-five  minutes.  There  was  less  irritation  after  this  than  after 
the  other  operations.  The  tumor  became  harder,  but  not  smaller,  and  a  murmur, 
(»uld  be  heard  only  with  great  tlifficulty. 

In  spite  of  the  improvement  in  the  condition  of  the  tumor  the  fMitient  grew 
and  weaker,  and  died  of  exhaustion,  July  18,  1871. 

Post-mortem  examination  by  Dr.  Drake  revealed  the  .surprising  fact  that  the  patient 
had  three  aneurisms :  one  of  the  arteria  innominata  about  i  wice  the  sLkc  of  an  Eti{ 
walnut ;  one  of  the  aorta  opposite  the  sixth  and  seventh  dorsal  vertebrae,  about  ele< 

♦  Gaaetta  Medica  Italiana,  LorobanJia,  No.  28,  1870,  p.  217. 
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inches  in  circumference  ;  and  the  one  operated  on,  which  vras  found  to  arise  frunrt  the 
anterior  wall  of  the  aorta  at  the  origin  of  the  superior  mesenteric  This  aneurisni  was 
about  twelve  and  a  half  inches  io  circumference.  In  a9l  three  of  the  aneuriims  organized 
light -colored  clots  were  found  The  one  operated  on  was  less  solid  than  the  othenc 
There  was,  iudced,  no  evidence  that  the  galvano-puncturc  bad  produced  aiiy  perma* 
nenl  clot.  It  is  po&sible,  however,  that  it  caused  a  temporary  clot  that  was  wa5.ted 
away  by  the  current  of  blood.  There  is  no  question  that  the  tumor  became  more 
fo/iJ  a/ttr  the  operation,  and  that  tliis  solidificatioH  was  attended  witA  dimintttioH  oj 
tk*  nausea  and  pain. 

Luigi  Ciniselli  *  has  written  a  monograph  on  aneurisms  of  the  tho- 
raeie  aorta  treated  by  galvano-punctitre.  He  speaks  of  twenty-three 
cases.  Of  these  six  recovered,  sixteen  died,  and  in  one  case  the  result 
is  not  known.  Of  the  six  reported  as  cured,  one  relapsed  in  three 
months,  another  in  seventeen  months,  another  in  four  months,  but  was 
again  operated  on,  and  after  eight  months  there  had  been  no  relapse- 
Of  the  remaining  three  cases  one  had  not  relapsed  u])  to  nine  and  a  half 
months,  another  had  not  relapsed  at  eight  and  a  half  months,  and  the 
last  remained  well  at  four  and  a  half  months. 

Eyre  has  rei>orted  a  case  of  aneurism  of  the  left  external  iliac  artery 
by/<7rd^//fi-puncture.  Symptoms  of  inflammation  appeared,  but  after 
seventeen  days  the  tutnor  was  firmer,  and  evinced  less  pulsation.  The 
faradic  current,  however,  has  notiiing  to  commend  it  for  the  treatment 
of  aneurism. 

Ciaiselli  noccessfblly  treated  an  ancttrism  of  the  ascending  aorta  in  a  patient  forty* 
six  years  of  ajje,  by  a  galvano-puncture.  Three  needles,  connected  with  a  voltaic 
pile  of  thirty  pairs  were  inserted  in  the  third  intercostal  space  where  the  tumor  wa« 
prominent  and  the  pulsation  strong.  The  operation  lasted  forty  minutes.  After  the 
operation  the  skin  over  the  tumur  wasted.  For  three  weeks  the  patient  kept  his  bed 
and  took  digitalis.     Forty-three  days  after  the  operation  he  left  the  hospital. 

Fifty-eight  days  after  the  operation  only  a  slight  prominence  remained,  and  no  pul- 
Bations  couUl  be  seen.  Seventy-eight  days  after  the  operation  the  patient  resumed 
his  occupation,  which  was  that  of  a  coachman. 

Varicose  Veins, — Varicose  veins  were  treated  by  galvano-puncture 
after  the  manner  of  aneurisms  many  years  ago. 

Bertani  and  Milani  experimented  in  the  treatment  of  varicose  veins 
by  galvano-puncture  as  far  back  as  1847.  These  observers  applied  a 
bandage  or  tourniquet  to  the  limb  to  diminish  the  blood  supply  before 
operating. 

•  Sugli  aneurism!  dell'  aorta  toracica  finora  Irattati  colla  clettro-punttira.  MUiano, 
1870.  Quoted  in  Dr.  Keyes's  paper  on  Practical  Electro-Therapeutics,  N.  V.  Medical 
Journal,  December,  1871. 
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Baumgarten  and  Wertheimer  successfully  treated  a  severe  case  of  vari- 
cose veins  of  the  upper  extremity  up  to  acromion,  whence  the  evil 
seemed  to  spread  over  the  trunk.  The  patient  was  a  young  girL  The 
limb  had  doubled  in  size. 

"  Baumgarten  and  Wertheimer  introduced  in  three  sittings,  at  an  interval  of  two 
or  three  days  each  time,  about  ten  needles  into  the  most  extended  veins,  placing  a 
conductor  connected  with  the  negative  pole  in  the  hand  of  the  patient,  at  the  satne 
time  connecting  all  the  needles  with  the  positive  pole.  The  operation  caused  but 
little  pain.  After  a  few  minutes  the  needles  were  removed,  when,  in  place  of  the 
dilated  veins,  full  resistant  cords  were  felt,  a  .sure  sign  of  complete  coagulation. 
After  a  month,  the  greater  portion  of  the  veins  were  obliterated,  and  the  volume  of 
the  limb  considerably  reduced ;  only  then  those  veins,  heretofore  of  normal  site,  be- 
gan to  dilate  a  little,  which  circumstance  can  exercise  no  influence  on  our  opinion  of 
this  modus  operandi?^  ♦ 

For  the  treatment  of  varicose  veins  the  positive  pole  would  possibly 
be  better  than  the  negative  or  than  both  together,  and  for  the  reasons 
above  given.  The  space  within  the  enlarged  vein  is  comparatively 
small,  and  the  small  clot  made  by  the  positive  pole  ought  to  be  sufficient 
to  obstruct  the  dow  of  blood.  The  positive  clot  would  have  the  ad- 
vantage of  firmness,  and  embolism  would  be  less  likely  to  follow  than  after 
the  use  of  the  negative  pole. 

♦  Meyer,  op.  cit.,  p.  471. 
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Strichtres  of  the  Urethra. — Electrolysis  for  strictures  was  first  used 
by  Cnissel.  The  same  treatment  was  subsequently  employed  by  VVille- 
brand  and  Wertheimer. 

The  method  of  Willebrand  was  to  introduce  to  the  stricture  a  metallic 
sound,  insulated  up  to  the  lip,  and  to  connect  this  with  the  negative 
pole,  while  the  positive  was  held  in  the  hand  of  the  patient.  The  ap- 
plication was  continued  for  ten  or  twenty  minutes,  and  the  cure  was 
accomplished  in  eight  or  ten  days. 

The  subject  was  afterwards  studied,  though  not  with  special  success, 
by  Jaksch  and  Leroy  d'Etiolles. 

The  first  important  and  successful  results  in  the  electrolytic  treat- 
ment of  strictures  of  the  urethra  were  obtained  by  Mallez  and  Tripier, 
in  1867.  * 

Their  method  of  treatment  was  to  introduce  an  insulated  sound  with 
a  metallic  extremity  to  the  seat  of  the  stricture,  connecting  it  with  the 
negative  pole,  while  the  positive  was  applied  to  the  inner  side  of  the 
thigh  by  a  moistened  sponge  electrode. 

At  the  commencement  of  the  operation  the  patient  feels  a  pricking 
sensation.  This  sensation  becomes  less  and  less  n>arked.  The  me- 
tallic extremity  is  tlien  passed  along  until  all  parts  of  the  stricture  are 
affected.  After  the  operation  a  catheter  can  be  introduced  without 
difficulty. 

The  operation  lasts  about  five  minutes  ;  from  one  to  five  application! 
are  necessary.     In  the  majority  of  the  thirty-one  cases  treated  by  Mallear^ 
and  Tripier,  as  they  claim,  one  application  was  sufficient. 

The  diameter  of  the  urethra  seems  to  increase  slightly  for  a  few  days 
succeeding  the  operation,  and  in  some  cases  an  eschar  was  thrown  off 
in  a  few  days  after  the  operation. 

•  De  la  Cuirison  duraWe  des  R5tr£cisscinents  de  I'Urillire,  par  la  Galvsmo-Caustiqae 
Chimique,  Paris,  1867.  The  term  *'  clumical galvatuhcautery^*  used  by  these  author^ 
Is  synonymous  with  electrolysis. 
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Experiments  made  in  Charity  Hospital  by  Drs.  Keyes  and  Beard,*  and  ' 
the  experience  of  Dr.  Rockwell  in  private   practice,  do  not  entirely 
confirm  the  results  given  by  Mallez  and  Tripier,  although  substantially 
the  same  method  was  used.     The  operation   was  found   to  be  painful 
oftentimes,  and  the  results  not  always  satisfactory,  as  the  following  record,  | 
which  is  a  fair  sample,  will  show. 

Case  CCXLIII, — F,,  aged  forty,  general  health  excellent.  First  gonorrhoea  at 
twenty -second,  second  at  thirty-eighth  year  of  age.  Stream  betame  gradually 
reduced  until  Jan.  u,  1871,  at  which  time  he  had  complete  retention  for  tifteen 
hours,  relieved  by  hot  baths.  The  patient  entered  the  hospital,  and  was  treated 
by  dilatation. 

February  6lh. — Examination  detects  the  following  strictures  (orifice  admits  14 
easily)  :  At  orifice,  stricture  (linear)  arresting  No.  14  soft  bulbous  sound.  At  two 
and  a  half  inches,  stricture  (linear)  arresting  No.  12.  At  five  inclie^^,  stricture,  one-third 
inch  long,  arresting  No.  9.  Current  from  ten  cells  w.a«  passed  through  second  stric- 
ture for  five  minutes.  A  good  deal  of  pain  compl.iined  of.  Current  from  ten  celU 
was  passed  through  lower  stricture  for  ten  minutes. 

No.  12  bulbous  sound  passed  easily  into  the  bladder  after  the  operation. 

March  4th. — No  slough  has  been  passed.  No.  9  steel  sound  is  grasped  by 
stricture. 

March  15th. — (Using  my  own  instrument  with  steel  bulb  15!         .) 

Stricture  at  the  orifice  ;  fifteen  cells;  five  minutes  ;  bulb  pas-sed.  Structure  at  tw» 
and  a  half  inches;  sixteen  cells;  ten  minutes;  bulb  passed.  Stricture  at  five  inches; 
sixteen  cells;  thirteen  minutes;  bulb  passeil,  A  little  blootl  was  lost  at  this  opera- 
tion, and  a  good  deal  of  pain  was  felt  afterM'aids.  No  slough  was  {massed.  The 
orifice  swelled  and  became  hard  and  mflamed.  Patient  refused  lo  follow  ap  th« 
treatment  or  to  l)c  examined  further. 

Dr.  Robert  Newman  reports  far  more  satisfactor)'  results  in  the 
treatment  of  strictures  of  the  urethra.f 

The  leading  and  distinctive  features  of  his  method  are  these  :  i .  The  use 
of  very  »»//// galvanic  currents,  just  perceptible  to  the  patient,  and  from 
three  to  five  minutes  in  duration.  Like  other  observers  he  uses  the 
negative  i)ole.  The  instrument  should  be  held  loosely  against  the  ob- 
struction, and  no  pressure  should  be  used,  and  no  force  whatever.  2. 
Long  intervals,  from  two  to  four  weeks,  between  the  applications. 

Dr.  Newman  insists  on  a  careful  preliminary  diagnosis  of  the  nature 
and  exact  seat  of  the  stricture.  He  operates  with  bougies  provided 
with  metal  bulbs  of  various  sizes.  Unless  the  stricture  is  too  firm 
or  fibrous  he  uses  a  bougie  which  is  three  or  four  times  larger  than  the 
stricture.     After  he  has  ascertained  by  measurement  the  exact  locality 

♦  From  article  of  Dr.  Keyes  in  the  N.  Y.  Medical  Jounml,  December,  1871. 
f  Atdnvcs  of  Electrology  and  Neurology,  May,  1874,  p»  18. 
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of  the  stricture,  he  pushes  a  small  india-nibber  ring  over  the  bougie,  at 
such  a  distance  from  the  end  that  when  the  ring  reaches  the  meatus 
he  will  know  that  the  bulb  is  in  contact  with  the  stricture,  and  then 
he  is  assured  that  the  electricity  acts  only  on  the  stricture. 

Dr.  Newman  regards  a  patient  as  cured  when  a  No.  12  Enghsh 
sound  can  be  passed  without  trouble.  He  claims  to  have  treated  in 
this  way  over  thirty  patients,  and  that  his  results  have  been  uniformly 
good,  and  for  the  reason  in  part  that  he  has  selected  his  cases.  He 
does  not  claim  that  all  strictures  can  be  treated  successfully  in  this 
way,  but  states  that  some  of  his  cases  were  bad  and  complicated.* 

T'ofC  struturtf — ChaneroU — Failure  ef  dilatation — Success  with  electrolysis^ 

R.  A.,  hotel-keeper,  came  under  treatment  in  March,  1872.  Had  been  treated 
in  the  country  for  stricture  by  diLitation,  with  no  success.  Found  a  chancroid 
in  the  urethra,  which  was  treated  first.  The  two  strictures  were  found  situated  at 
one  and  a  quarter  and  four  and  a  half  inches  from  meatus  resi>ectively. 

Atarch  22.  Electrolysis  was  used  with  a  bou^jie  No.  lo,  with  a  metal  bulb  as  ne- 
gative ;  positive  electrode  in  the  jjalui  of  the  hand.  Ten  cells  of  the  galvanic  battery 
were  used  for  nine  minutes,  and  the  bougie  passed  slowly  through  the  strictures  into 
the  bladder. 

April  14.  The  operation  was  repeated  with  a  bougie  No.  iz.  The  pattest  has 
been  heard  from  recently,  and  has  not  had  a  relapse. 

One  stricture^  fpermatorrhaa^  impotence,  melancholia. 

March,  1S72. — R.  S. ,  a  merchant  of  Philadelphia,  came  to  my  oflScc  in  an 
advanced  stage  of  hypochoiidrixsis,  complaining  of  general  malaise,  spermatorrhoea, 
impotence,  small  stream  of  water,  jjain  in  the  urethra,  etc.  A  steel  sound 
No.  12  entered  the  urethra  easily,  but   was  arrested  at  seven  inches.     Sounds  of 

•  Dr.  Newman  gives  the  following  bibliography  of  the  subject : 

M.tllcz  el  Tripier,  "  Traitcment  des  R^tricisscmenls  Uretraux  par  la  Galvano- 
Caustiujuc  Chimique  Negative,  Compte  Rendu  de  I'Acad.  des  Sciences.  Bulletin 
ThC-rapeulique,  Mai  30.      Med.  58. 

Mallei  ct  Tripier,  "  De  la  Gui'rison  durable  des  R4tr6cissements  de  I'Urithre  par 
la  Galvano-Ciiustiquc  Chimique." 

Althaus,  in  Goeschen's  "Deutsche  Klinik,"  No.  34-36.  '*  Heilung  dcr  Harnr5h- 
ren -Strict uren  durch  die  Electrolyse." 

Keycs,  "  Electrotylic  Treatment  of  Stricture  of  the  Urethra."  New  York  Medical 
Journal,  Deccmlwr,  1S71. 

Bauli?.to  Campos:  *'  De  la  Calvano-Caustique  Chimique  comme  moyen  da 
Traitcment  des  Ri(r6cisscmcnt  de  TUrclhre."     Paris,  187 1. 

DutrieuK,  "  De  la  Galvano-Causlique  Chimique  dansle  Traiteroenl  des  Rdtricisse* 
I»ent5  Orgajtic  de  I'Urithre."     Press.  Med.  Helge,  No.  25,  1S72. 

MallcE  ct  Trip/^r,  London  lancet,  October,  1S71, 

"Multiple  Strictures  of  the  Urethra  treated  by  Electrolysis,"  by  T.  F.  Frank, 
M.D.,  Medical  Record,  February  ad,  1874,  page  6a. 
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■nuiler  sUe  were  all  arrested  likewise  at  the  same  place.  There  is  no  doubt  that  t 
stricture  exists  and  at  last  a  sound  No.  7  jjasscd  it  with  difficulty.  The  trouble  must 
exist  either  at  the  junction  of  the  membranous  and  prostatic  pottion,  or  in  the  lat- 
ter only.  Galvatiism  was  used  with  ten  cells.  Bouyic  No.  10,  witii  the  usual  metal- 
lic end  as  negative  into  the  urethra,  met  the  same  obstruction  at  seven  inches.  The 
positive  pole  was  a  nickel  bulb,  and  grasped  firmly  with  the  closed  liand.  After  five 
minutes  of  electrolytic  current,  the  bougie  passed  the  stricture  tilowly  and  slipper:!  into 
the  bladder.  The  withdrawal  of  the  bougie  was  followed  by  a  thick,  glcely  dis- 
charge. It  seems  that  this  matter  had  accumulated  behind  the  stricture,  irritated  th« 
prostatic  portion  and  the  duels,  and  thereby  was  accessory  to  creating  a  spcrmator' 
rhoM.  On  passing  water,  shreds  came  along  of  a  thick  white  mass,  which  were  the: 
product  of  electrolysis.  The  operation  has  not  caused  any  pain,  and  the  patteut 
travelled  home  without  unpleasant  feeling, 

April  16.  On  examination  with  a  sound  No.  lo,  found  the  stricture  at  the  exactj 
place ;  the  sound  pa&scd  the  stricture  after  persistent  and  patient  efTortSi. 

Then  the  galvanism  was  used  as  before,  with  a  bougie  No.  t2  as  negative,  and  wit! 
the  same  result. 

May  9.  In  Philadelphia,  a  sound  No.  11  could  be  easily  passed  into  the  bladder, 
•which  proves  that  the  stricture  is  cured.  The  patient  has  been  kept  under  obscrvA" 
tion  fur  two  years,  and  has  been  »een  only  two  weeks  since.  He  is  perfectly  well 
Iws  married  since,  and  is  the  father  of  a  healthy  child. 

Case  CCXLIV. — J.  A.,  aged  forty.  Two  attacks  of  gonorrhcea  in  1856  and  18691 
Orifice  admits  iS.  Double  linear  stricture  in  first  half-inch,  admitting  13  bull>oit| 
Bound.  From  one  and  a  quarter  to  six  inches  from  the  meatus  the  whole  urethra  u 
stiff  and  rigid. 

It  grasps  No.  13  steel  sound  throughout.  At  sax  inclies  a  short  stricture  exist% 
through  which  No.  1 1  passes  into  the  bladder. 

Fib.  21,  1871,  Steel  Uulb  I5i;  six  to  sixlee*  cells,  gradually  increasing.  Firs( 
stricture  passed  in  one  and  a  quarter  minutes. 

In  half  a  minute  more,  lowest  stricture  was  xeached.     In  half  a  minute  lowest  st 
turc  was  pas-scd.     Some  blood  followed. 

March  4.  Steel  sound  No.  15  passed  into  bladder.  No.  16  was  gra^ied  and 
would  not  go.     Patienl  left  the  hospitaL 

Case  CCXLV. — S.  F.  P.,  afi«d  sixtjr.  Gonorrhoea  at  eighteen,  another  at  twenty* 
In  1836  he  entered  a  hospital  to  be  treated  for  stricture,  and  was  gradually  dilated  to 
11.  In  1S60  forcihle  dilatation  was  practised  under  chloroform.  He  neglected  to 
pass  instruments  for  himself,  and  had  to  be  treated  again  in  1864,  this  time  by  gr; 
dual  dilatation.  Since  then,  he  passes  No.  3  soft  bougie  "every  lime  he  niak 
water,"  but  he  docs  not  pass  it  into  the  bladder.  On  examination,  I  find  sihctui 
commencing  at  [wo  inches  from  meatus,  and  continuing  indefinitely  as  far  as  could 
ascertained.  Only  a  No.  3  bougie  could  be  pisst^l  into  the  bladder.  Urcllua  f< 
(outside)  like  a  fibrous  cord, 

March  16.     Steel  bulb  6;  sixteen  cells;   twenty  minutes ;  no  progress;  batti 
teemed  very  weak. 

Spasmodic  Stricture. — This  condition  may  be  relieved  by  Uic  far 
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current,  which  by  its  mechanical  action  probably  has  the  effect  to  relax 
the  parts. 

Dr.  Chadsey*  reports  a  case  of  retention  of  urine,  of  two  days'  standing,  in  1844, 
caused  by  bard  work  and  exposure  to  cold,  that  he  treated  successfully  by  faradization. 
The  stricture  was  about  two-thirds  of  the  distance  from  the  penis  to  the  bladder.  No 
kind  of  catheter  could  pass.  The  positive  pole  of  a  faradic  apparatus  was  applied 
against  the  stricture  for  twenty  minutes  by  means  of  a  knitting-needle  in  a  gum  elas- 
tic catheter.     The  retention  was  completely  relieved. 

Dr.  Chadsey  states  that  he  has  met  with  partial  success  in  other  similar  cases. 

In  this  case  the  result  was  probably  due,  in  the  main,  to  the  mechan- 
ical effects  of  the  current,  and  not  to  any  electroI)tic  action. 

Stricture  of  the  (Esophagus. — ^This  terrible  condition  might  very  ap- 
propriately be  treated  by  electrolysis.  Althaus  suggests  that  the  oeso- 
phageal electrode  should  be  applied  to  the  seat  of  the  stricture  and  con- 
nected with  a  negative  pole,  while  the  positive  is  applied  to  the  neck  or 
back.  From  fifteen  to  thirty  cells  would  probably  be  required.  Dr. 
Frank  informs  us  that  he  treated  successfully  a  case  of  spasmodic  stric- 
ture of  the  oesophagus,  by  the  galvanic  current,  applied  by  means  of 
an  oesophageal  electrode. 

♦  New  York  Medical  Journal,  February,  1869,  pp.  574,  575.' 
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Uhers — Bed  sores. ~^'\\\'t  earli«|i 
tricity  were  made  by  Crussel,  in  If 

The  same  treatment  has  been  nse 
Cronstadt,  Rosenberger,  of  St  P| 
reported  cases  with  success. 

Ulcers  may  be  treated  with  bo 
or  plates  covered  with  soft  spon 
such  cases  partly  by  its  electrolyt 
plied  to  the  ulcer,  and  the  other] 
plexus,  or  to  the  sympathetic  or  , 
not  be  excessively  painful.     In 
a  single  application  of  electricity  t 
an  ulcer  in  the  leg  of  a  girl  eight  ye; 
current  of  moderate  strength  so  \t 
healing  at  once  commenced,  andl 
place  without  any  further  treatmq 
the  galvano  cautery. 

In  the  treatment  of  ulcers,  and 
venicnce  to  have  one  electrode  ! 
of  the  physician  or  of  an  assista 
electrodes,  provided  with  a  rubb 
limbs  or  body,  are  convenient. 

Ulcers  may  also  be  treated  by 
called  "body  batteries."  A  disk  ol 
disk  of  silver.  Either  the  zinc  or  tfi 
the  ulcer,  and  the  circuit  completj 
or  in  case  there  are  two  ulcers,  on 
and  the  other  with  the  copper  di^ 
tion  and  worn  all  the  time,  or  i 

Garrett's  electric  disk  may  als 

The  results  of  these  prolongt*^ 
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pecially  in   bed  sores.     We  have  known  them  to  fail,  however,  in  very 
bad  cases,  and  notably  when  great  debility  existed. 

Indolent  uUer  of  the  arm  ;  recovery  under  heal  galtfanitatioH, 

Case  CCXLVI.— Mary  H.,  aged  forty,  while  moving.  May  j,  1871,  fcU  and  in- 
jured the  arm  immediately  above  the  external  condyle.  The  pain  was  cxccsiive  and 
continued  to  distress  her  Tor  several  weeks,  when  a  small  ulcer  made  itt  apjiearance  and 
enlarged  until  it  was  two  inches  in  diameter. 

The  patient  applied  fur  trcaiment,  July  x8.  The  ulcer  was  covered  with  &  dark< 
colored  scab  iliree-fourths  of  an  inch,  partly  lifted  from  its  resting-place  by  exuberant 
and  unhealthy  granulations. 

The  scab  was  removed,  and  a  wet  cloth  in  connection  with  the  positive  pole  was 
applied  to  the  diseased  part,  while  the  negative  was  placed  on  an  imlifTcrcnt  but  ap- 
proximate part.  The  galvanic  current  was  used»  She  sufTcrctl  no  more  pain  aficr  the 
second  seance^  and  as  the  applications  were  repeatetl  the  ulcer  rapidly  healed,  until 
August  30,  when  the  part  was  covered  by  sound,  health/  skin. 

SyphilitU  uher  ;  recovery  foUcra>s  three  operations  hy  elect roly tit. 
CaseCCXLVII. — Catherine  McK.,  aged  forty,  suffered  three  years  since  from  a 
number  of  syphilitic  tubercles  and  ulcers  about  her  hips,  lhij»hs,  and  vulva.  They  per* 
ristcd  along  time  and  gave  her  much  annoyance,  but  finally  healed,  with  the  exception 
of  one  on  the  inside  of  the  (high.  It  was  elevated  nearly  one-half  an  inch  above  the 
surrounding  surface,  was  excessively  painful,  and  dischariieil  an  offensive  secretion.  A 
needle  counectetl  with  the  positive  jwlc  was  pa'iscd  through  the  base  of  the  elevation, 
and  a  current  of  modcmte  tension  allowed  to  pass  fur  a  few  uiomems.  Tlii*  applica- 
tion dissipated  all  pain,  and  after  the  third  seance^  given  several  weeks  after  the  first, 
soon  heated,  and  the  patient  was  discharged  from  the  Dispensary. 

Anal  Fistula  of  bng  itanding  treated  by  galvanitation  with  hot  A  p&ltt — Relief 

of  pain. 

Cask  CCXLVIII.— A  case  of  fistulas,  at  and  near  the  anus  in  a  shoemaker,  wai 
brought  to  us  by  Dr.Russell,  of  Brooklyn.  The  patient  hud  n  li»lulii  wuh  four  open- 
ings— one  in  the  rump  and  the  others  at  the  bonier  of  the  amm.  The  origin  of  the 
difficulty  was  local  injury.  The  patient  had  once  been  operated  on  with  the  knifo 
without  permanent  relief  Examination  l;ad  made  it  |>rcHy  clcur  llml  necrosed  bone 
was  the  cause  of  the  fistula,  and  kept  up  the  conviant  discharge. 

We  first  electrolyzed  away  with  llie  long  cutting  nectlle*  the  poinful  pro{«l»er«nce» 
at  the  orifice,  near  the  anus.  The  removal  of  tlienc  cauwl  great  rchcf,  and  enabled 
the  jKilicnt  to  sit  down  and  to  resume  hit  occupation.  We  then  place*!  long,  polUhed 
iteel  conductors  into  the  opening  in  the  rump,  connect  Iny  them  with  the  negative 
or  positive  pole,  using  the  positive  when  the  heniorrlmgo  was  greatest.  The  con. 
ductors  were  introduced  up  to  I  he  bone.  Strong  currents  were  borne ^  and  great  ic- 
lief  obtained  of  the  pain  and  uneosinesn,  but  no  |)ernuineat  cure. 

Galvano-Otonization, — This  is  a  term  employed  by  Dr.  .\.  Nfnrray, 
of  New  York,  to  designate  the  combined  action  of  o/one  and  the  gal- 
vanic current  in  the  treatment  of  ulccri.     He  claim*  that  his  cxpeiv 
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ments  show  that  ozone  is  generated  at  the  positive  pole  when  the  gal* 
vanic  current  is  applied  to  an  ulcer,  and  that  the  ozone  thus  generated 
has  a  curative  effect  on  the  ulcer,  and  aids  the  other  action  of  the  current. 
For  this  reason  he  regards  the  positive  pole  superior  to  the  nega* 
tive  in  the  galvanic  treatment  of  ulcers,  fistulae,  and  so  forth. 


CHAPTER  VIII. 
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Stumps  after  amputation  that  are  slow  to  heal  have  been  successfully 
treated  by  electricity,  like  ordinary  ulcers,  by  Dr.  Qto,  K.  Smith  and 
by  Dr,  Snively,  of  Brooklyn. 

HamatoceU. — Haematocele  of  the  pelvis  or  pudenda,  or  of  other  por- 
tions of  the  body,  may  be  treated  electrolytically,  like  erectile  tumors, 
and  by  ordinary  faradization. 

Gangrene. — Gangrene  may  be  treated  electrically  in  various  ways, 
but  especially  by  electrolysis  and  galvano-cautery. 

Carbuncles  and  Furuncles. — Dr.  Rockwell  demonstrated  long  ago 
that  faradization  was  capable  of  hastening  suppuration,  and  we  have 
frequently  utilized  tliis  fact  in  the  treatment,  not  only  of  carbuncles 
and  furuncles,  but  of  various  other  forms  of  abscesses.  Dr.  Sass  in- 
forms us  that  a  number  of  years  since  he  used  this  treatment  in  two 
instances  with  good  effect. 

Burns. — Burns  in  a  subacute  stage  might  not  unlikely  be  helped 
toward  recovery  by  faradization  or  galvanization. 

Frost  bite  (Chilblains). — In  the  first  edition  of  this  work  we  stated 
that  we  were  not  aware  that  any  attempts  have  been  made  to  treat  chil- 
blains by  electricity,  but  that  it  certainly  would  not  be  irrational  to  try 
the  power  of  galvanization  in  this  disease.  Successful  results  have  been 
recently  reported  by  various  observers.  Chilblains  are  to  be  treated  like 
ulcers, 

Synmiitis. — In  effusions  of  an  acute  and  very  sensitive  character, 
electricity  is  usually  not  indicated,  but  in  the  subacute  and  chronic 
forms  it  is  of  great  efficacy.  The  treatment  should  be  directed  by  the 
cause  and  stage  of  the  disease,  and  by  the  results  of  trial  in  each  case. 

The  treatment  of  those  cases  that  depend  on  rheumatism,  or  hysteria, 
should  be  constitutional  as  well  as  local.  In  some  cases  general 
faradization,  with  special  attention  to  the  affected  joint,  is  sufficient ;  in 
others  the  general  treatment  is  sensibly  aided  by  galvanization  or  fara- 
dization of  the  joint. 
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Whether  the  galvanic  or  faradic  current  is  to  be  preferred  ilof  1 
api)Iications  can  only  be  determined  by  the  results  of  trial.  Our  oa* 
torn  IS  to  begin  with  the  faradic  current,  and  to  use  it  so  long  asbciie£t 
results,  and  then  to  change  to  the  galvanic  It  should  be  Ua 
mind  that  the  greater  chemical  effects  of  the  galvanic  cunesit  tic  1 
tliesc  cases  frequently  more  than  counterbalanced  by  the  jx 
mechanical  action  of  the  faradic.  Stable  increasing  currents  are  to  \ 
preferred. 

This  is  one  of  the  conditions  in  which  localized  galvano  fandix 
(see  p.  302)  may  be  tried.     The  electrical   treatment  of  cifu4ia&£  1 
the   joints  is  much  aided  by  using  the  hands  as  an 

tie  but  firm  manipulation.     There  is  no  tjuestion  i  - :  _  :-.u4 

ence  of  "  rubbing  "  have  been  wrought  many  unportant  cures  ia  tbeae 
affections. 

Electrolysis  has  been  successfully  employed  in  efiusioos.     It  1 
resorted  to  in  all  obstinate  cases. 
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SyfMvitis  of  the  knee^  tvmplUated  with  hemi'^tegia — Reentry  mnJtr  fmr^dmtim^ 

Case  CCXLIX  — Mr,  Geo.  L.,  agwijs,  staled  thai  about  tlie  lU  of  July,  iS66^1m 
was  simstruck ;  and  between  the  20lh  of  tlic  same  inonlh  iind  the  151b  tif  \aiQaJL, 
suffered  from  lliree  strokes  of  hemii»lcgia,  resultitiij  Anally  In  total  bl'niihwww 
sight  gradually  returned,  but  by  dej^rees  hii  &)iouIdcr«  became  lame  ood  iilJC,  » 
he  could  wi'h  difliculty  use  them.  This  state  of  tilings  ct^ntiaued  until  mbout  tW  aii* 
die  of  September,  when  both  knees  and  ankles  commenced  to  enlArgc  \n  Novwrntai^ 
when  the  patient  ap]>lied  to  U!>  for  treatment,  we  found  him  sufTcrirvg  fra<n  seven n^ 
acute  syuoviti&  Doth  kuces  were  eiiormou<>1y  swollen,  the  fluid  li  1  \\\^  %\yy\mt\t\\\ 
to  such  an  extent  that  the  patellae  prnjectcd  forward  more  than  aji  Inch.  Y\3m  vf^oOf 
tions  of  the  faradic  current  were  given,  one  every  day,  but  with  no  nutkctl  cCtf, 
ccpt  that  the  lamencM  of  the  shouldcfs  and  ankle<i  was  much  rdievf?d. 

He  then  left    the  city  and  was  absent  one  week.     On  Id'*  return  the 
was  found  to  be  very  great  The  accumubtinn  of  fluid  in  the  knees  had  ^^maA 
disappeared,  and  the  swelling  was  reduced  in  proportion.     At  fir^t,  the  %l 
rent  from  Kidder's  apparatus  made  no  impression,  when  applied  down  the 
legs  were  but  little  sensitive  to  the  electric  stream,  and  the  feet  uul  tae\  «! 
generally  very  readily  affected,  were  remarkably  torpid.      The  apiUicatiiiA* 
tinued  on  Dec.  3d,  4th,  flh,  7th,  and  9th,  clTectttally  removing  tUi»  want  of 
and  completely  dissipating  the  remaining  swelling  and  lendemess  of  the 

Hydrocele. — Electro-puncture  was  first  tried  for  hydrocele  by  Sdiotftf 
in  1839. 

The  method  is  to  introduce  the  needle  into  the  tunMM-  at  oppoalK 

sides,  and  so  deep  that  the  points  nearly  appr.  Set.    Tbt 

needles  are   then  attached  to  from  three  to  six  .1  KilvaC 

tlication  should  be  made  for  five  or  ten  tn 
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wo,  or  three  applications  usually  suffice  to  complete  a  cure, 
same  treatment  has  been  successfully  eniiiloyed  by  many  others. 

Successful  results  from  the  faradic  current  have  been  reported  by 
Burdel,  Deletanche,  Lehmann,  and  Thevissen.  The  galvanic  is  un- 
doubtedly the  current  to  be  employed  in  such  cases. 

Hydrocele,  in  short,  should  be  treated  electrically  like  cystic  tu- 
mors. The  great  end  to  be  accomplished  is  not  the  withdrawing  of 
the  fluid,  which  can  be  done  with  the  ordinary  trocar,  but  the  stimulation 
of  the  membrane  of  the  sac,  so  that  absorption  shall  take  place  and  the 
fluid  not  again  collect.  Many  of  the  failures  that  have  occurred  in  the 
treatment  of  hydrocele  have  been  due  to  a  misapprehension  of  this  fact. 
Dr.  Frank  has  combined  the  use  of  galvano-cautery  with  electrolysis  in 
the  treatment  of  hydrocele.  In  some  cases  there  will  be  a  return  of 
the  disease  even  after  electrolysis. 

Sprains  (strains). — Sprains  of  joints  of  all  kinds  may  be  treated  by 
electricity  j  faradization  and  galvanization  of  the  affected  pari  with  a 
mild,  stable,  or  gently  labile  current  are  indicated.  We  have  in  this 
way  treated  all  stages  of  sprains — acute,  subacute,  and  chronic — and 
almost  uniformly,  thus  far,  with  beneficial  or  curative  results.  We 
have  not  been  able  to  decide  which  current  is  preferable. 

Sprains  in  the  acute  stage,  or  just  passing  into  the  subacute  stage, 
should  be  treated  by  very  mild  currents  and  by  short  applications. 

Jn  such  cases  no  electrode  is  so  agreeable  as  the  hand  of  the  opera- 
tor gently  passed  over  the  painful  part. 

We  have  treated  a  number  of  cases  of  sprains  of  the  ^vrist  in  patients 
who  are  engaged  in  manual  employments.  In  such  conditions  the  lo- 
calized apiilication  of  the  faradic  current  alone  rapidly  brings  on  the 
recovery. 

Strains  of  muscles  with  rupture  ef  fibres,  so  far  as  our  limited  ob- 
servation goes,  do  not  yield  to  electrical  treatment.  In  the  few  cases 
where  we  have  perscveringly  used  faradization  and  galvanization  we 
have  not  been  able  to  see  tliat  the  slow  improvement  was  in  any  degree 
hastened. 


Lameness  and  swelling  caused  by  a  sprain — /Relieved  by  local  faradisation. 


Case  CCL. — The  power  of  the  faradic  current  to  allay  Irritation  and  relieve 
lameness  i"  cases  of  sprains  or  injurie*,  was  well  illustrated  in  the  case  of  a  Mrs.  D., 
direcle<l  to  us  by  Dr.  Kissam.  Her  foot  w.is  heavily  pressed  upon  by  the  rocker  of  a 
chair,  and  caused  such  ecchymosis,  pain,  swelling,  and  lameness,  that  for  two  months 
she  was  unable  to  walk  more  than  from  her  house  to  her  carriage.  The  faradic  cur- 
rent, applied  over  and  around  the  foot  anomber  of  times,  relieved  most  decidedly  the 
49 
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swelling  and  lameness,  and  enabled  the  patient,  in  a  few  weeks,  to  exercise  in  i 
without  serious  difhculty. 

Spondylitis  {Potts  DisMse). — Spondylitis  is  a  tenn  that  is 
to  inflammation  of  the  vertebrae.      Among  its  symptoms  are 
changes  in  shape  of  the  spinal  column,  obstinate  gastralgia,  or  neH 
pains  in  the  breast  and  various  parts  of  the  body,  and  subsequent 
jection  of  the  diseased  vertebne,  deformity  of  the  spine,  peculiar  al^ 
and  paralysis,*   sensitiveness    of  certain    vertebric,    and   spontan* 
pains  in  the  spine. f 

The  form  in  which  it  appears  is  in  the  cervical  and  upper  dorsal] 
b.a,  with  the  symptoms  of  neuralgia  in  the  arm,  or  neck,  or 
limbs.     Some  cases  of  torticollis,  and  even  of  chorea,  may  depetl 
disease  of  the  vertebra.     Other  symptoms  are   paralysis,  alrop 
contraction  of  certain  muscles.     In  many  cases  of  inllammation  i 
vertebra  the  nature  of  the  disease  is  not  suspected,  because  the 
in  the  form  of  the  spinal  column  and  the  injmobility  of  the  vertebr 
ap(>ear  after  the  morbid  process  had  made  considerable  advance. 

In  making  the  diagnosis  it  should  be  considered  that  the  appear 
of  the  spine,  which  are  usually  regarded  as  evidences  of  sjiondi^ 
may  arise  from   paralysis,  or  atrophy  of  the  muscles,  with  contra 
of  the  antagonists. 

The  treatment  consists  in  galvanization    of  the   affected  ve 
the  positive  pole  being  placed  over  the  seat  of  the  disease, 
negative  at  some  point  above  or  below.     The  results  are  son 
beneficial. 

Spinal  Curvature. — Lateral  curvature  of  the  spine,  depending  of 
laxation  of  the  muscles  and  ligaments,  and  associated  with  gener 
bility,  is  a  condition   for  which  general  and  localized  faradizatic 
galvanization  of  the  sympatheltc  are  well  indicated,  and  in  whic 
have  wrought  most  important  results.     General  faradization 
pretty  sure  to  be  of  service,  both  in  raising  the  tone  of  the  sysie 
in  permanently  relieving  the  curvature.     The  electrical  treatineij 
be  used  in  connection  with  mechanical  appliances. 

Psettdo-arihrosis  (  Ununited  Fracture). — Bunnan  obtained  a  go 
suit  from  electrical  treatment  of  a  transverse  portion  of  the  tih 
fibula.  After  the  lapse  of  a  month  the  bones  had  not  unilfl 
bandage  was  applied  and  a  current  (whether  faradic  or  galvanic  \ 

•  Sccpapci  on  Differential  Diagnosis  of  Diseases  of  tkt  Sptnt^  by  Cbii£.  F.I 
M.D. 

f  Senedikt,  op.  cit.,  312. 


HERNIA— MORBUS  COXARIUS. 


771 


lltated)  was  applied  for  half  an  hour  by  two  needles.  Suppuration  fol- 
□wed,  callus  was  formed,  and  entire  recovery  took  place. 

Hall  also  obtained  a  successful  result  in  a  fracture  of  the  thigh 
.  by  the  same  treatment.  The  operation  was  repeated  daily  for  two 
ks. 

Hahn  also  reports  a  successful  result  from  electro-puncture  in  a  case 
of  fracture  of  the  thigh.  He  used  at  first  magneto-electricity,  and  sub- 
sequently the  galvanic  current.  No  improvement  followed  the  use  of 
magneto-electricity,  while  the  galvanic  current  brought  on  inflammation 
in  six  days.  The  inflammation  thus  excited  produced  a  union  of  the 
fracture  in  ten  days. 

We  treated  a  case  of  ununited  fracture  of  femur  at  the  Long  Island 
College  Hospital.  Insulated  needles  were  used,  and  very  strong  cur- 
rents. Inflammation  was  excited,  and  some  improvement  was  mani- 
fest, but  the  bones  were  so  far  apart  that  it  was  found  necessary  for  the 
surgeons  to  operate  in  the  usual  manner. 

Hernia. — Delaux  reports  a  case  of  incarcerated  femoral  hernia  in  a 
woman  who  refused  to  submit  to  an  operation.  Tumor  disappeared 
after  a  few  applications.  The  first  application  was  directed  to  the  her- 
nia, and  in  the  other  applications  one  pole  was  applied  to  the  hernia 
and  the  other  in  the  rectum.  Before  electrical  treatment  was  tried  the 
patient  was  growing  worse.  Faradization  might  give  tone  to  the  weak- 
Lened  muscles  in  reducible  hernia,  and  for  this  purpose  we  have  em- 
fployed  it  in  a  single  instance  j  of  the  results  we  have  not  been  in- 
formed. 

Morbus  Coxarius  {Disease  of  the  Hip-joint), — This  condition  may 
be  treated  electrically,  in  connection  with  ordinary  mechanical  treat- 
ment, with  a  twofold  object  of  hastening  the  recovery  of  the  lesion 
and  improving  the  general  condition.  The  methods  of  treatment  that 
would  seem  to  offer  most  hope  are  stable  faradization  or  galvanization 
of  the  diseased  joints,  five,  ten,  or  fifteen  minutes  daily,  alternating 
with  general  faradization.  This  treatment  might  be  used  in  connection 
with  the  ordinary  method  by  extension, 

Club-Foot  {Taiipes), — In  club-foot  it  is  not  unfrequently  a  great 
advantage  to  combine  faradization  or  galvanization  of  the  partially 
paralyzed  muscles  with  die  use  of  mechanical  appliances  (see  chapter 
on  Infantile  Paralysis). 

Warts, — Warts,  if  they  were  regarded  as  of  sufficient  importance, 
might  be  removed  by  electrolysis  of  the  base,  or  by  the  galvano-cau- 
tcry. 

Di5%olution  of  Calculi  in  the  Bladder.— The  employment  of  the  gaU 
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vanic  current  to  dissolve  calculi  was  proposed  by  Bourier  in  i& 
Morgiardini  and  Lando  in  1803,  and  by  Gruithuisen  in  1813,  bu 
first  successfully  carried  out  by  Provost  and  Dumas  in  1823. 

The  theory  of  Provost  and  Dumas  was,  the  calculus  could  be 
to  crumble  by  the  mechanical  effect  of  the  gases  generated  by  thi 
rent.  In  their  first  experiment  they  placed  a  fusible  human  ca 
in  water,  submitted  it  to  the  action  of  a  voltaic  pile  of  120  el 
for  twelve  hours.  Platinum  wires  were  placed  against  the  calculi 
opposite -sides.  Fine  powder  soon  appeared.  At  the  end  of  the 
ation  the  calculus  was  found  to  have  lost  12  grains  in  weight,  the 
nal  weight  having  been  92  grains.  It  was  again  submitted  to  thi 
rent  for  16  hours,  at  the  end  of  which  time  it  was  reduced  to  very 
fragments  that  could  have  easily  passed  the  urethra. 

Their  second  experiment  was  made  on  a  fusible  calculus  in  the 
der  of  a  living  biich,  into  which  warm  water  had  been  injected, 
application,  which  lasted  an  hour,  was  repeated  12  limes  du; 
days.     The  calculus  had  become  so  friable  that  the  operation  w: 
repeated.     Kxamination  of  the  bitch  after  death  showed  evideno 
the  bladder  had  been  injured  by  the  operation. 

In  1835,  Bonnet  proved  that  by  applying  ]5latinum  electrodes 
opposite  sides  of  a  calculus  in  a  solution  of  nitrate  of  potash,  el 
chemical  decomposition  ensued,  by  which  nitric  acid  appeared 
electrode  and  potash  at  the  other.     The  effect  of  these  two  subsi 
was  to  dissolve  the  calculus.     Stones  composed  of  phosphate 
dissolved  on  ihe  acid,  and  those  composed  of  uric  acid  or  urate 
ammonia  on  the  alkaline  side.     Under  this  action,  the  stone,  uo] 
very  hard,  becomes  friable  and  falls  to  pieces.      These  experi 
were  confirmed  by  Be  nee  Jones,  who  also  found  that  calculi  of^ 
late  of  lime  could  be  slowly  dissolved  in  the  same  way.    Neither  af 
experimenters  aitcmpted  the  dissolution  uf  calculi  in  the  human  bl 
der.     Some  experiments  made  by  Dr.  Rockwell  in  this  line,  and 
by  Dr.  Beard,  at  the  suggestion  of  Dr.  Gouley,  did  not  give  very 
faclory  results.     The  amount  of  decomposition  of  phos|)hatic  sto 
very  trifling,  even  when  strong  currents  were  used  for  several  houi 

Electric  Explorer  or  Probe. — This  apparatus  (Fig.  198)  indie 
once  the  presence  of  metallic  bodies  in  gunshot  wounds. 

Fig.  I  represents  its  natural  size.     F'ig.  2  shows  one  of  the  ex| 
8onn:'.a.     There   are  generally  two  sounds,  one  stiff,  the  oth 
ible. 

The  trembler  or  needle  is  so  arranged  as  to  resist  all  shocks  and] 
the  following  conditions  : — 
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1.  It  is  very  portable,  and  in  al!  possible  positions  can  be  carried  In 
the  vest  pocket,  or  in  the  ordinary  surgical  case. 

2.  It  cannot  be  deranged. 

3.  Three  senses  take  part  in  making  the 
exploration — the  hearing,  the  touch,  and  the 
sight. 

4.  It  indicates  with  certainty  the  presence 
of  a  ball  by  the  movement  of  the  trembler, 
an  effect  which  is  only  produced  when  the 
circuit  is  closed  by  a  metallic  body.  Experi- 
ence has  shown  that  the  contact  of  organic 
tissues,  even  with  a  battery  of  15  elements 
(and  probably  with  even  a  greater  number), 
will  not  put  the  trembler  in  vibration. 

5.  The  explorer  indicates  at  the  same  time 
the  depth  at  which  the  ball  is  situated,  and 
in  some  cases  also  the  flexible  sound  pre- 
serves the  form  of  the  canal  through  which 
it  passes. 

The  battery  is  in  a  case  made  of  hard  rub- 
ber. This  holds  the  elements,  einc  and  car- 
bon, which  fill  only  half.  The  other  half  is 
occupied  by  the  exciting  h'quid,  a  solution  of 
sulphate  of  mercury.  When  the  case  is  re- 
versed, or  in  a  horizontal  position,  the  liquid 
flows  on  to  the  element  and  a  current  arises  j 

when  the  case  is  in  a  verrical  position  the  -  ,  „j 

metals  are  not  touched  by  the  liquid,  and  nr.  193. 

there  is  no  current.*  Trouve's  Electric  Explorer. 


•  The  first  apparatus  for  the  electric  exploration  of  wounds  was  devised  by  M. 
Favre,  of  Marseilles,  of  which  the  following  description  was  given  by  Nfelaton,  in  re- 
marks to  his  cla^s  at  the  Hdpital  des  Cliniqnes:  "  Two  conducting  wires  ore  placed  in 
a  sheath,  or  the  two  elcctr<.>des  may  be  covered  by  an  isolating  substance.  These  wires 
are  in  communication  with  a  battery  of  only  one  couple,  and  a  galvanometer  is  fastcnetl 
on  one  of  the  wires.  If  you  introduce  the  end  of  these  into  a  wound,  the  contact  of 
the  soft  parts,  the  bones,  or  pus,  ts  not  sufficient  to  eitablish  a  current,  but  if  the 
ends  come  in  contact  with  a  metallic  bo<ly,  the  needle  of  the  galvanometer  will  rise, 
this  being  a  proof  that  the  circuit  is  complete.  Only  one  couple,  however,  should  be 
used,  so  as  to  avoid  the  decomposition  of  the  fluids  in  the  wound,  which  would  imme- 
diately give  rise  to  a  current."— (.4/w,  Jour.  Med.  Sciences^  vol.  xlv.,  1863,  p.  218.) 
During  the  recent  Franco- Prussian  war  an  "  EUdru  BuUetteeker"  that  strikes  a 
little  beli  when  metallic  connection  is  made,  lia»  been  succcsafuUy  used. 
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Extraction  of  Foreign  Bodies  by  the  Electro-Magnet. — Dr.  Delo: 
has  suggested  the  electromagnet  as  a  means  of  extracting  foreign  b 
from  the  eye,  urethra,  auditory  canal,  etc.      He  states  tJiat  the  niagn 
has  been  used  for  the  puri)Ose  of  extracting  pieces  of  iron  and  sted 
from  the  eye  since  the  days  of  Fabrice  de  Hilden.     Delore's  attenti 
was  called  to  the  subject  by  an  attempt  which  he  made  to  extract 
piece  of  a  pin  from  the  external  auditory  canal.     A  slender  magn 
was  prepared  by  M.  Fasse,  which  could  be  bent  at  will,  but  it  \ 
found  to  be  not  sufficiently  powerful.     Then  M.  Fasse  suggested 
idea  of  using  the  electro-magnet  for  this  purpose.     With  this  view 
constructed  a  small  electro-magnet,  composed  of  a  stem  of  iron, 
a  bulbous  extremity,  and  covered  with  several  windings  of  insula! 
copper  wire. 

The  force  that  is  obtained  is  in  proportion  to  the  strength  of  1 
current  used  lo  magnetize  the  iron,  the  number  of  spirals,  and  1 
diameter  of  the  magnet. 

In  order  to  ascertain  how  much  power  was  necessary  to  extr 
needles  from  the  body,  a  number  of  experiments  were  made. 

"A  needle  embedded  in  the  horny  substance  of  the  hand  to  ( 
depth  of  three  millimetres  requires  for  its  extraction  a  traction  of 
grammes." 

"  Embedded  sixteen  milli.  deep  in  the  heel  of  a  cadaver  requires  4( 
grs." 

"  Embedded  four  centimetres  deep  in  the  calf  of  the  leg  it  requi^ 
400  grs." 

'*If  it  has  perforated  the  cornea   it   must   have  a  traction 
grs." 

The  advantage  claimed  for  this  method  of  extracting  foreign  mt 
bodies  is  that  "  it  produces  no  sensation  on  the  surface  of  the 
and  also  is  less  liable  to  injure  them  than  forceps  or  probes. 

Electro-Chemiral  Baths — Removal  of  Poisonotis  Metals  fro 
Body. — In  1855  Vergn6s  and  Poey,  of  Havana,  reported  to  the  Fren 
Academy  a  method  of  removing  poisonous  metals  from  the  body 
means  of  the  galvanic  current.    Vergn^s,  while  practising  electro platii^ 
in  1852,  had  brought  an  obstinate  ulceration  on  his  hands.     He  pla 
his  hands  in  an  electric  bath,  connected  with  the  positive  pole.     In 
minutes  a  metallic  plate  connected  with  the  negative  pole  in  the 
was  covered  with  gold  or  silver  from  the  ulcer.     A  few  such  treatmefl 
cured  the  ulcers. 

An  electro  chemical  bath  is  taken  as  follows  :  An  isolated  met 

*  Translated  from  Lyon  Miikalt^  in  Al  K  Medical  Cautttt  Aug.  ao^  187a 
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tub  is  placed  on  an  isolated  bench.  Tlie  tub  is  filled  with  water,  acid- 
ulated with  nitric  acid  of  mercury,  gold  or  silver,  and  sulphuric  acid  if 
lead  is  in  the  patient.  The  patient  is  placed  in  the  bath,  and  the  tub 
is  connected  with  the  negative  pole,  while  the  patient  takes  the  positive 
pole,  part  of  the  time  in  the  right  and  part  of  the  time  in  the  left  hand. 
The  current  now  enters  the  arms,  and  passes  through  the  body  to  the 
tub.  The  metal  that  is  extt'acted  from  the  body  is  found  on  the  sides 
of  the  tub,  in  the  water  in  the  tub,  and  in  the  atmosphere  of  the  room 
from  evaporation. 

These  experiments  were  confirmed  by  Caplin  and  Meding.  Meding 
extracted  mercury  from  a  patient  in  this  way.  Vergn^s  employs  elcc- 
tro-chemical  baths  also  for  introducing  medical  substances  into  the  body. 
The  patient  sits  in  the  bath  containing  the  solution,  and  in  the  position 
described,  and  absorbs  the  substance  while  the  current  is  passing. 
Ainong  the  remedies  that  Vergn^s  emijloys  for  the  purpose  are  phos- 
phate of  iron  and  nitric  acid.  There  is  little  question  that  the  passage 
r  of  the  current  through  the  body,  immersed  in  certain  medicated  solu- 
ptions,  aids  in  the  absorption  of  some  portion  of  the  compound.  This 
whole  subject,  however,  is  yet  in  dispute,  and  will  remain  in  dispute 
until  it  is  carefully  investigated  by  competent  men,  and  all  possible 
sources  of  error  are  guarded  against. 

Faradic  Ancesi/itsia.^-Thc  benumbing  eflFects  of  the  faradic  current 
on  the  nerves  may  be  utilized  for  the  production  of  local  anaesthesia, 
(See  EUctro-Fhysiohgy.)  It  is  only  indicated  for  slight  or  at  least 
short  operations,  such  as  the  opening  of  abscesses,  felons,  buboes,  the 
extraction  of  foreign  bodies  and  of  teeth. 

For  opening  abscesses  a  strong  faradic  current  should  be  directed 
through  the  parts  as  the  incision  is  made.  The  relief  thus  afforded  is 
slight,  but  is  positive,  and  is  not  unworthy  of  a  trial 

Faradic  anaesthesia  has  been  chiefly  used  in  the  extraction  o{  teeth, 
F  where  it  is  certainly  of  some  service.  The  patient  places  his  foot  in  a 
metallic  slipper,  or  on  a  plate,  or  holds  an  electrode  in  the  hand,  while 
Uie  circuit  is  completed  as  soon  as  the  forceps  of  the  dentist,  which  is 
connected  with  the  battery,  seizes  the  tooth.  It  is  well  to  connect  the 
forceps  with  the  negative  pole,  because  it  is  the  stronger. 

The  contractions  produced  by  the  passage  of  the  current  are  cerlamly 
disagreeable,  for  a  current  of  considerable  strength  is  required,  but  the 
pain  of  the  extraction  is  less  severely  felt  than  it  would  be  when  made 
unaccompanied  by  the  current. 

This  method  of  producing  local  anaesthesia  was  at  one  time  somewhat 
popular  among  dentists^  but  partly  on  account  of  the  fact  that  it  is  at 
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best  an  imperfect  method  of  preventing  the  pain  of  the  operation.  \ 
on  account  of  the  tuechanical  difficulties  in  the  way  of  its  employtue 
and  partly,  also,  on  account  of  the  popuLirijtation  of  niuous 
has  fallen  into  disuse. 

Faradic  anaeslliesia  may  be  utiliied  for  llie  relief  of  the  imialioo" 
caused  by  the  application  of  caustics  to  the  larynx,  eye,  or  ulcru*. 

Dr.  A.  Tripier,*  of  Paris,  has  recently  advanced  the  theory  that  faradic 
anaesthesia  is  explained  by  the  interference  of  the  different  unpre^sions 
that  are  made  on  the  nerve.  The  impression  made  by  tlic  (aradic  ntf>_ 
rent  first  reaches  the  cerebral  centre,  and  neutralizes,  nr,  at  \e^ 
diminishes,  the  impression  made  at  the  same  time  by  any  other 
ing  influence.  This  theory  seems  to  us  sensible  and  jusL  Dr.  T» 
further  recommends  a  return  to  the  practice  of  faradic  anarsthcjtia  ftv 
slight  operations. 

Hydro- Electrization, — Dr.  Beard  has  devised  a  metho<l  of  apptf* 
ing  electrictt)'  by  means  of  a  continuous  stream  or  jet  of  water  {lo«rio{ 
from  a  metallic  tube — or  one  that  has  a  metallic  orifice — con 
with  one  pole,  while  the  body  of  die  patient  is  \s\  any  convcnicol  \ 
connected  with  the  other.  A  jet  or  stream  of  water,  so  f 
not  broken  itito  spray,  will  conduct  the  current  from  one-r  i^ 
inch  to  one  or  two  inches  from  the  orifice,  according  to  the  size  ol  Ibe  ^ 
streanj,  to  any  part  where  it  may  be  ajjplied.  Contrattiens  €/ muuUtt 
and  all  the  effects  of  ordinary  localised  eledriiati^n^  ma}  h€  tkusfn- 
duced. 

This  method  of  electrization  is  adopted  for  lliose  localities  where.  M 
account  of  the  natural  sensitiveness,  or  from  the  nature  of  the  «&e«icv 
ordinary  electrodes,  by  their  mechanical  irritation,  cause  unbeanbk 
pain,  or  where,  for  anatomical  reasons,  they  cannot  be  applictt 

For  supplying  a  continuous  stream  of  water  wc  use  ao  ortKnanr  ttA 
nibber  bag,  which  is  filled  with  water  in  the  usual  w;' 
pressing  the  sides  and  exhausting  the  air.     Connectetl  u  _. 

use  silver  tubes  of  various  shapes  and  sizes,  provided  with  small  tfaooU 
screws  for  making  the  connection  with  the  battery*  and  cither  ifUoUtrd 
or  non-insulated,  according  to  the  special  pur|>ose  at  hand. 

The  various  douches  that  are  used  for  the  cavities  cl  the  body  ut/f 
be  utilized  for  the  same  purpose,  provided  the  leather  tubes  art  AW 
with  spirals  of  wire,  to  keep  up  the  connection  of  the  enrratt,  #r  the 
tubes  are  composed  of  metal  and  insulated. 

On  this  principle,  and  in  order  to  n^cct  the  same   therapentkai  il 
dications  for  which  ordinary  electrization  is  employed*  a]>phcatiuoi  i 
*  Archives  of  Eleorulugy  and  Neurulo{^.     Majt,  1S74,  pu  tOQi 
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be  made  io  the  external  auditory  canals  and,  in  cases  of  rupture  ot 
ulceration  of  the  membrana  tympani,  to  the  middle  ear^  by  a  slraiglit, 
insulated  tube,  or  by  the  ear  douche  j  to  the  conjunctiva  by  a  single 
tube  or  by  the  ear-douche  ;  to  the  nasal  passages  by  the  nasal  douche 
or  metallic  posterior  nasal  syringe  ;  to  \\\(i  pharynx  and  nasopharyngeal 
space  by  a  properly  curved  tube  ;  to  the  stomach  by  the  stomach-douche, 
such  as  has  recently  been  used  by  Ploss,  of  Leipsic,  or  by  the  stomach- 
pump  ;  to  the  bladder  by  the  bladder-douche  ;  to  the  vagina  and  os  by 
the  vaginal  douche ;  and  to  the  cavity  of  the  uterus  by  the  uterine 
douche ;  to  the  cavities  of  opened  abscesses  ;  to  stumps  that  are  slow  to 
heal,  and  finally  to  all  irritable  ulcers^  wherever  situated. 

Either  the  galvanic  or  the  faradic  current  may  be  used,  and  the  water 
may  be  pure  or  variously  medicated.  Warm  water  conducts  better  than 
cold,  and  is  therefore  preferable,  except  for  those  cases  where  the  tonic 
effects  of  cold  are  indicated.  The  conducting  power  of  the  water  is 
also  increased  by  the  addition  of  common  salt,  and  various  medicinal 
substances  which  are  ordinarily  used  for  the  treatment  of  the  conditions 
for  which  hydro-electrization  is  indicated,  and  may,  therefore,  be  proper- 
ly combined  with  it  Potter's  hyilro-therapeutic  contrivances  are  very 
convenient  for  the  purposes  of  hydro-electrization. 

Electro  Medicaiion. — Long  ago  it  was  contended  by  Fabr^-Palaprat, 
Orioli,  and  Vergn^s  that  medical  substances  could  be  introduced  into 
the  body  by  means  of  the  galvanic  current,  but  by  Reniak,  Rosenthal, 
Tripier,  and  others  their  statements  have  been  discredited.  From  our 
experiments  it  would  seem  that  atropine  might  be  introduced  into  the 
system  by  means  of  the  faradic  current  in  sutficient  quantities  to  slight- 
ly affect  the  pupil. 

Recently  Beer,  of  Vienna,  and  Von  Bruns  •  have  succeeded  in  intro- 
ducing iodine  into  the  dead  and  living  subject,  by  means  of  the  elec- 
trolysis of  iodide  of  potassium.  For  this  purpose  they  have  used  a  glass 
tube,  containing  a  solution  of  iodide  of  potassium  (  i  to  i,  or  i  to  2), 
tightly  corked  at  one  end,  and  at  the  other  covered  with  cloth  or  a 
piece  of  bladder,  and  connected  through  the  cork  with  the  negative 
pole  of  the  galvanic  current  by  a  piece  of  platinum.  I'he  positive 
electrode  may  be  of  a  similar  construction,  or  an  ordinary  sponge  elec- 
trode. 

If  by  d:iis  arrangement  an  application  be  made  through  the  face— an 
electrode  being  placed  on  each  cheek— for  a  few  minutes,  traces  of 
iodine  can  be  detected  in  the  saliva.     A  good   test  for  iodine  is  disul- 

•  Die  GaJvano-Chirorgic  odet  die  G&lvAnokaustik  uad  Elcktrolysis  bei  clururgischea 
Kraakbcitcn.     TiibingcD,  1870^  p.  133  et  ttq. 


778  MISCELLANEOUS  SURGICAL  DISEASES. 

phidt  of  carbon^  which  will  detect  one  part  in  1,000,000  par.8  of  watei 
by  the  purple-red  color  which  it  produces.  Another  test  is  glycerine^ 
which,  mingled  with  iodine  and  electrolyzed,  gives  a  dark-blue  or  black 
line.  The  electrolytic  introduction  of  iodine  has  been  used  in  gland' 
nlar  swellings  (as  goitre),  effusions  in  the  joints^  periostiiiSy  and  with 
asMrted  success,  after  simple  galvanization  has  failed.  We  have  ex- 
perimented in  this  direction  considerably  without  arriving  at  any  con- 
clusive results. 

The  difficulty  in  all  therapeutical  experiments  is  that  we  are  using 
simultaneously  two  remedies,  iodine  and  electricity,  both  of  which  are 
separately  efficacious  in  producing  absorption. 

Podalgia. — ^There  are  certain  obscure  painful  affections  of  the  feet 
that  appear  to  be  sometimes  of  a  nervous  character — a  kind  of  hyper- 
sesthesia — and  sometimes  appear  to  depend  on  actual  injury  of  the 
bones  or  tendons.  The  former  class — of  which  we  have  seen  several 
cases — are  really  medical  cases,  and  are  to  be  treated  by  central  and 
local  galvanization.  The  latter  are  surgical  cases  and  aie  to  be  treated 
by  local  applications. 
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Explanation  of  the  terms  used  in  Electro-Therapeutics  (Medical  and  Sorgi* 
cal),  including  also  many  of  the  terms  of  Electro- Physics  and  Electro-Phtsi- 

OLOCY. 

With  the  progress  of  the  study  of  Electricity  in  its  relations  to  Physics,  Physi« 
ology.  Practical  Medidne,  and  Surgery,  there  has  arisen  a  new  and  extensive  termi- 
nology. 

The  terms  used,  e^)ecially  in  Electro-Therapeutics  and  Electro- Physiology,  have 
been  introduced  by  different  observers,  in  various  countries,  and  b  different  lan- 
guages, and  are  all  necessarily  based  on  an  incomplete  knowledge  of  the  mysterious 
force  whose  phenomena  and  manifold  relations  they  aim  to  describe.  It  was  inevita* 
ble  that  a  nomenclature  devised  under  such  circumstances  should  be  more  or  less 
inaccurate  and  confused.  This  inaccuracy  and  confusion  have  been  still  further 
increased  by  the  carelessness  of  vrriters,  who  have  misunderstood  and  misapplied 
these  terms,  and  greatly  perverted  them  from  their  original  meaning.  It  would  be 
difiictilt  to  find  any  two  authors  who  entirely  agree  in  their  use  of  terms,  even  of 
those  which  are  most  frequent  and  most  important ;  and  readers  who  are  not  thor- 
oughly familiar  with  all  branches  of  the  subject  in  the  various  languages,  and  with 
the  incorrect  as  well  as  the  correct  phraseology,  are  constantly  bewildered. 

It  is  believed,  therefore,  that  a  list  of  the  words  and  phrases  employed  by  writers 
on  Electricity,  which  should  present  their  original  and  derived  meanings  in  their 
various  combinations,  with  their  correct  and  incorrect  synonyms,  would  be  of  service 
not  only  to  those  who  consult  this  volume,  but  to  all  who  occupy  themselves  with 
the  department  of  Electro-Therapeutics. 

The  need  for  such  a  list  is  rendered  the  more  imperative  from  the  fact  that  many 
of  the  terms  it  includes  cannot  be  found  in  the  most  recent  dictionaries. 

The  terms  which  we  have  ourselves  introduced,  or  to  which  we  have  given  a  new 
combination  or  attached  a  peculiar  signification,  are  designated  by  a  star  (•).  The 
figures  refer  to  the  pages  in  the  present  work  where  the  terms  to  which  they  refer  are 
explained. 


780 


GLOSSARY. 


Amaixahatioh.  To  coi  ipound  mercur)-  (quick&ilvcr)  with  another  meul.  In  Elcctro-Physicss  d»c 
teim  ia  usuaUy  appltett  to  the  covering  of  the  xinc  platci  with  mercury,  by  first  pouring  over  thcan 
an  add  solution  and  ihcn  dipping  them  in  mercury,  or  pouring  it  over  them. 

Akelbcthotokos.  The  phiise  *.<{  tiiminiihtd  irritabUity  which  appotn  at  the  ponilive  pole  when  a 
oerve  is  in  the  electrocoiiic  candilioa  (p.  113). 

Animal  ELECTRirirv  (p.  toi). 

Anions.    In  clcctrolym  the  electro-powtiw  cubitaaces  that  go  lo  the  cathode  (Faraday)  (p.  S3)« 

Amodb  (ai**,  upward,  oud  Wb?,  way).  Where  the  current  enters,  called  also/wiVritr  or  <»fp*r  ptb 
(Faraday). 

Antozone  (p.  688). 

AwARATt's.  A  contrivance  or  oomhination  for  a  certain  piirpo»e  ;  often  used  »yTionyniotisly  with 
mackiHt  or  battery.  Strictly,  however,  apparabtt  is  applied  only  to  the  more  simple  cuntrtvaacca. 
and  madiioe  to  ihe  more  complex. 

Armatiirkk.  Bart  or  ktt^rt,  which,  when  pland  in  contaa  with  the  pole  of  a  magnet,  pieaeive  iu 
magnetism. 

A.scENiiiNC.     From  periphery  toward  the  centre,  applied  especially  to  the  ncnnma  aystOB. 

Battbhv  Curkwnt  (sec  Galvanic  Current). 

Battbrv.  ELaCTRiC  (or  galvanic).  A  trrits  of  Leydcn  j^rs,  or  (more  frequently)  cells,  connected 
together,  llie  term  is  applied,  however,  to  a  tingle  cell,  and  inoomcdy  also  to  a  machine  or 
apparatus. 

Bound  ELacnuaTv.    Electricity  in  the  I^eyden  jar. 

Catalysis  (cara,  and  Ajwif,  from  kw»,  to  disengage).  The  absorption,  and  the  actompanywg  traoi- 
fcrencc  of  liquids  caused  by  the  chemical  action  of  the  galvanic  current  (Rcmak).  It  is  a  (lart  and 
result  of  electrolyMS. 

Catalytic     Peruining  to  catalysis. 

Catslbcticotonok.  I'he  pbane  of  increased  irritahility  which  appears  at  the  negative  pole  when  a 
nerve  i*  in  the  elcctrolomc  condition  (p.  113), 

Catkodr  (card,  downward,  and  hAd^,  way).  Whete  the  current  passes  out ;  called  also  negativt 
or  tiMC /^e  {p.  S3). 

Cations.    In  electrolysis,  (he  electro-negative  subsisuKu  that  «o  lo  the  anode  (Faraday)  (p.  53). 

Cull  (sec  Element). 

Cekikal  Galvanization*  (p.  41a). 

Ckrmical  Galvako-Cautkkv  (see  Electrolysis). 

CiiRONOscora  AND  Chronocraih  (xpovot,  lime,  and  anottuv,  to  observe)^  Icistruments  for  measur- 
ing and  recording  the  velocity  of  the  nervous  force,  electricity,  etc 

Circls  Galvanic  (p.  a8). 

Closing  Contractions.    Contractions  produced  at  die  closing  of  the  drcuit 

CoRaaTivK  FoKCK  (p.  5). 

Coil  Induction.  Rolls  of  wire  m  which  the  current  is  induced  by  the  alternate  opening  and  dosioc 
of  the  circuit,  as  RhumkorfTs  coil  (see  Induction). 

Commutator.    An  arrangement  for  reversing  the  current 

CoNDdNsaa.     An  apparatus  for  condenning  a  l:«rge  quantity  of  electricity  on  a  small  surface. 

Conducting  Wires.     The  wires  that  conduct  the  electricity  from  the  machine  to  the  electrodes. 

CoNDUCTiviTV  (or  couductibility).    Thai  property  by  which  a  body  conducts  electricity. 

CoNOi:CTx»R.    That  which  conduct*  electricity.     Sometimes  used  for  r/i(vf»v<ir. 

Constant  Cuhbknt.  The  galvanic  current  from  elements  with  two  liquids.  The  constant  batwriea 
that  are  best  known  are  those  of  Daniell,  Grove,  and  Bunsen  and  their  modilicaitons  (p.  a4)< 
Applied  also  to  the  ^<xVTxtMiVc-»rr^i«/ in  general,  and  used  synonymously  with  rir/t/wjuiiirf.  It  ia 
si^metimes  prefixed  to  g:ilvanlc  current  (constant  galvanic)  in  the  sense  of  UHinlerru/tnt  (see 
Galvanic  Current). 

CoNTiNi;<»u».  Constantly  flowing  in  one  direction,  sometimes  used  in  the  same  sense  as  <-<Mu/i««rf  m 
jptft'itnic.  Strictly,  it  should  be  applied  to  the  untntcmipted  galvanic  current,  since  the  Csradic 
current  is  always  intcmipted  (see  Galvanic  Currcrii). 

O^NTINUOUS  Elbctrixation.*  This  term  might  appropriately  be  applied  to  the  protructed  applica- 
tions made  by  galvanic  disks,  bdls,  chains,  poultices,  etc,  worn  on  the  body. 

Contractilitv,  ELBCTRO-Musct't^R.  That  prope»ty  of  muscle*  that  causes  them  to  contract,  when 
acted  upon  by  the  electric  current  It  is  to  be  distiuguished  from  irriiability,  wbkh  it  osclttdeiL 
ElectTf>'muMnilar  irrii.ibiUty  may  exist  in  muscles  that  have  wholly  lost  their  eleciTo-mtucsiM  can* 
traciilily  (see  Irritability). 


OoppHB  Pots  (see  Pocidw  Fol«l- 

CuKHCKT  Chakgsk  (s«  CiiiTcnt  Revencr), 

CuRKEMT.  E1.ECTRIC.    The  Continuous  ditchargc  of  electridty  that  resotts  frotn  dicnucal  action,  luch, 

(m  example,  3.%  takes  place  in  any  ordinary  g;ilvanic  cell. 
CuKKKNT  t.NCRKAs«K.  *    A  contrlvincc  for  iDcreasing  the  strength  of  the  current  7vitJk»ui  brtaking  tk* 

circuit.     A  form  of  rhcoiitat. 
CuwRltNT  OP  THB  PltJ£  (see  Galvanic  Current). 

CUNRZNT  Rbvekssr.     An  Birangemeni  for  revcninB  tne  cttrrent  (p.  360). 

Ct;RRKNT  Selp-ctob.    A  contrivance  fur  bringing  any  desired  number  of  elementa  into  the  cimtit. 
CvuNDRR  Mai  MtMK.    A  form  of  machine  for  generating  tutical  dt-ctricity. 
DxciJNiiMETER.     An  tnktrumcni  for  measuridg  magnedc  dedinarion.     The  marinetr't  eomptUM  is  % 

declinometer. 
I>E^srrv.     CompxttncM.    The  density  of  a  curreiat,  other  ccraditions  being  the  Mune,  i>  in  propwtioa 

to  the  sini*UDeft&  of  the  electn>Jes. 
I>RSCKKDt^sc.     From  the  centre  tow^ird  the  periphery. 
DiAMAGNBTisM.    That  property  of  bodies  by  which  they  manifest  ihc  same  magnetic  phenomau  M 

iron  (p.  8). 
DlSLKCTUtC.    A  medium  through  which  induction  it  propagated. 
l>iPi.eo(C  Contractions  (p.  315). 
I>ii^;lax  Arrangement  (p.  113). 

DirftNC  NKRDtx.     A  needle  for  measuring  the  mapietic  dtp. 

Direct  Cuiirw<T  (see  Descending  current),  also  used  for  gatvattic  cunent  (te«  Galvaiiic  Cuirent).  ] 
Direct  Elrltrizatmn  (p.  369). 

Dry  (or  cutaneoui)  Fahaijuatiom.    Faradization  with  dry  electrodes  (p.  3<S8). 
DYNAMtCAt.  ELRt-rmciTv  (p.  35). 

Electric  (electrical).     Pcrtainint;  to,  derived  from,  or  conuining  electricity. 
Ki-RCTRfCs.    Thote  substances  which,  whca  held  in  the  hand  and  rubbed,  become  electric. 
EtJtcTRic  Hath  (p,  431). 

Ele/.tric  (or  metallic)  Brush.     A  wire  brush  used  a<  electrode. 
Elrctric  (or  galvanic)  Disks  (p.  544). 

Jllcctric  Hand.    The  hand  used  as  an  electrode  in  electrization. 
E1.SCTRIC  MoxA  (p.  36«). 
EuacTRic  Points*  (see  Motor  Poiiits). 
Elkctrician.     One  who  sitidies  electricity  in  iti/A/f/ca/ relation*,  as  in  telegraphy  ;  oftentimei  iue4 

erroneously  for  eleciro-lherapeuti«t. 
EuscTKiciTV  {i\KiKTpov,  amber)  (p.  3). 
Elhctrifv.     Thi*  term  is  uiually  applied  to  the  use  of  statical  electricity,  and  is  therefore  lynonymoos 

with  (rankliniiation.     It  u  u»ed  sometime*  synonymou&ly  with  electrize. 
ELECTRizATtoN.    The  act  ofelectrLitDg.    The  term  includes  faradization,  gahranizmtion,  and  rranklini* 

lation,  or  the  application  of  statical  electricity. 

For  the  aaVe  of  uniformity,  and  in  order  to  preserve  the  di»tincticra  between  the  different  mcihi^ls 

of  application,  tlrctritation  has  in  this  work  usually  been  preferred  to  the  periphrastic  cxpressioa 

— the  use  of  electricity. 
Elrctrizk.    To  aflTect  by  electricity. 
EiRCTRo-AN.«sTHitsiA.*    The  production  of  local  anaesthesia  by  the  applicatioo  of  electricity.    The 

faradic  current  is  used  for  this  ptirp'isc  (on  faradic  anajsthesia), 
EutCTtO^jHEMiCAL,     Pertaining  la  electrn-chemisiry. 
Eixctro-Chrmical  Bath  (*ee  p,  774). 

Eukttro-Chrmistrv.     Electricity  in  its  relations  to  chemistry,  of  which  electrolysis  is  a  branch. 
Elrctbooe  (^A«crpav  and  oios,   way).     The  way  by  which  the  pa«itive  and   negative   electricities 

emeree.    The  poiiiive  pole  is  connected  with  the  negative  metal  of  the  clement,  and  the  negative 

pole  is  connected  with  the  positive  metaL 
EuccTRo-DiACNUSjs.    Thc  use  of  electridty  as  a  means  of  diagnosticalinc  disease  (p.  •59),  called 

also  fleet rtt-^ttAoUgy. 
EutCTRo- Dynamics.    The  phenomena  of  electricity  in  moiiofi.    Eapiciatly  applied  to  the  material 

attractions  and  repulsions  of  currents  on  currents,  and  cun^nts  on  tnagnets. 
Elrctrolouv.*     EWiriciiy  in  its  relations  10  Physics.   Physiology,   Pathology,  and  llicrapeutic^ 

nudicaJ  and  surgicaL 
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in  the  onhoffraphy  of  this  d^artment  of  terminoloey— Mr.  Willuim  WTieel*r— /«ri»rf*#M/*i»«.  •« 
derives)  from  Farxday,  would  be  more  consittent  with  Annlogy  fh.->o  fandiMiimi.  I'hc  InKer  mudo 
of  spelling  the  word  h.-i«  the  twofold  ndv-anuge  that  it  »iu«  been  long  u»e»l  and  U  the  more  itrnple, 
■od  accordingly  we  have  retained  it  in  ihift  work  and  in  all  mir  recent  writing*.) 

Fah  *DO-cr»."«Ti«ACTiUTV.     Contractility  under  the  (aradic  currciiL 

FAB aIxj-Elkctrol^atioh.*    TIic  simiilcaneouf  ok  of  Dimdixation  and  eleccrolyntion. 

Far  Atx)-riJKCTi'Ktt.     Electro-puncture  with  the  faradic  current,  not  much  u»cd. 

FAKAno-tt'sCKITTBiuiTV,*     Susceptibility  to  the  Faradic  current. 

F»<NKLrNlc.     Feruinin^  10  statical  electricity. 

Frankuniam  (Frankun).     The  phenomena  of  statical  electricity. 

FBAMKUXt/ATioK.    The  application  of  cUlic^  electricity. 

Fkictional  EijrcTRiciTV.  F.lectriciiy  generated  by  friction.  It  is  one  form  of  itllleal  oicetricHty^ 
which  it  t)ie  wider  term,  including  electricity  geDerale<i  by  presmre  or  cteavage :  but  tin  term* 
•n  «scd  ♦yimnymoiKily. 

Galvanic  Apcarati'^.    Apparattu  for  generating  and  fumiithing  th«  galvftntc  cunwit 

GALVA.><tc  Belt  (p.  54^), 

Galvanic  Ch A tn  (p.  5+4). 

Galvamic  CtRt-LS.  Two  metaU  in  a  liquid — the  galvanic  element,  pair  or  cell  dtt  itctiifH  i»  ntlled  uUo 
a  cirtuit  or  cAaii*.  A  circle  may  t^  liMgl* — one  cell  or  pair ;  or  riMw/«i«M//— aevcral  joined  to* 
geihcr. 

Galvanic  Chrrrnt.  A  current  stcncnied  by  chemica)  acTion  and  coming  directly  fhrni  ihccelt,  ptk, 
or  battery  in  which  it  is  generated  ;  distinguished  fmm  the  fjiradic  currant,  that  is  induced  un  a 
coil  ^f  wire* ;  called  alw  conttHn^MJ,  ccnstttnt,  direct^  primary,  cmrrtnit/  tkt  ^It^  katttrjt  fur' 
^rnt.  and  foltak  eurrrnt. 

Calvavic  (or  Elcciricl  Di.sKS  |p.  544). 

Galvanic  Pair  (*«<  E'cmeni). 

Galvanic  Pessarie.s  [intra-uterine]  (p.  fiot). 

GaLVAWIC  PoULTttRS  (p.  S44). 

Galvanism.    The  science  which  treats  of  electnciry  ihatariaaiflaai  chemiral  action  ;  c^tlrd  atxo  rv*/- 

taic  or  cijntantkaj  electricity  or  voltai«in.   Phy»ici«ta  are  Of  lata  Inclined  lu  (trvfer  die  lerui*  derived 

from  Volta  ;   PhyMolofijiiit  and  Phy&iciaiu  generally  araploy  (he  term*  derived  from  0«lvani. 
Galvanization.     Affecting  by  application  of  the  galvanic  currMit. 
Oalvaniuc    To  affect  by  applicatioa  of  the  j(^aJtnnn'c  current,  erroueouily  applied  to  all  form*  ol 

electrijcation. 
Galvanist.    One  who  uses  g.-ilvaniim  (little  UMd). 
Calvano-CAITSTIC  («ee  GiUv»n<Mautery), 

GALVANO-CAtn-RRisM.     The  application  of  the  galvantxautery  (»«c  Oalvano-caulcriiiatian). 
GAl.VANO-CAL'TERtzATloK.     The  act  of  burning  or  scaring   by  a  nnn-camlih-ting-wirei  hcatod  by  IIm 

galvanic  current. 
Calvano-caittbrv.     Cauterixatiwn  by  a  resisting  ^-ire  (umirtlly  platinum),  heated  by  the  galvanic  cur* 

rent ;  called  also  galvano-caustic,  or  jgithtaHai-cauily  (p.  71a), 
Galvano-CONTHACTIUTv.     Contractility  under  the  gaU'anit'  nirrcnt 

Gai.vano-faraouation.*    The  iimttltaHf<<ui  application  of  l}ie  galvanic  and  faradic  ctirrenta. 
Galvanomntwi  (or  multiplier) .     An  bstrument  for  determining  the  prcenre  and  direclioti  and  meaiiir* 

ing  the  strength  of  a  currenL     [t  it  frequently  u»ed  by  dectro-therapeuiiats  in  order  lo  Sacertaia 

the  do»e  of  the  galvanic  current  that  they  are  giving.      It  i*»  however,  only  f^u  appnixtmaicly  cuf^ 

rect  guide  [p.  46  and  p.  359). 
Galvano-hjncturb.     Electro-puncture  with  th«  galvanic  current. 
GALVANtjscorr-.     An  instnimcnt  (or  indicating  the /ryj^«rr  of  dynamical  electricity  wiitiout  dc(ennii»> 

log  its  amount. 
GaLVaN<>-SUROE«v.    The  application  of  the  t^i^***tc  current  to  iiirgery,  a  part  of  atoctro-aitrgery. 
GALVAKO-suscamBiUTY.*    Susceptibility  lo  ih«  galvanic  current. 
CALVANo-THKRArauTics.    Tl)c  application  of  thc4r"/iMN«f  ctirrent  to  thcrapeuiiea,  a  part  of  electro  \ 

dierapetitics. 
Grnkral  EmCTRlZATtON  •  fp.  383), 

GlcNairAL  Faraduation.*     General  etectr'itatton  with  the  fitradic  current  (p.  383). 
GKNKltAt.  Oalvan«ation.»     General  elcctrira tion  with  the  galv»nic  current  (p.  383). 
HfLix.     The  coil  of  wires  of  ihe  electro-magnaiic  apparatus  (p.  <Sij. 
UvOKu-ELacriitATiuN.*    ThcappLcaiiooofeiectridcy  by  means  of  water  as  aa  dectiodc  fp^  77^}. 
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IrfCRKASiNr:  Citrrekt.*  An  application  in  which  the  Rtrcnffth  of  liie  current  i«  sracluaDy  incraued 
wilhout  breaking  ihe  current,  called  aUo  swetlimg eurrtut. 

Indirect  Electrization  (p.  369). 

iMiMiceo  (nr  Inductiun,  w  Inductive)  CiniJWNT.  As  iisiMlly  underi^tooJ,  the  currcnl  which  i»  induced 
in  X  coil  of  wirci  from  anoihcr  coil  throujjh  wliich  the  current  piste*.  Currents  nmy^  however.  b( 
induced  in  »ny  mcwJIii:  conducior  from  sny  other  metallic  pun*]uc(or  ihal  i*  Lmvcracd  by  the  c 
trie  current,  or  from  |y)wcrful  magnets  or  from  the  ma[;r>ctic  action  of  the  earth. 

Indi'cing  Cl'RRKKT.     The  current  that  give*  rm  lo  an  induced  current. 

IxiJtrCTlox  (p.  5  and  p.  59). 

Inductive  (see  Induced  Current). 

Intiwsitv,     Strength  of  currcnii  erroneou»ly  used  for  tension. 

It<!iVLATOi(  (or  Isolator).     A  bad  conductor  of  electricity. 

lNSt;i.ATlll>.     Placed  on  non-conducting  supjwrts,  or  covered  with  some  non-condnctins  substance. 

iMTHRItirPTzo  CuRRKNT,  lirukcn,  intenniticd.  The  faradic  current  is  necessarily  incemipted  by  ibfl 
apparatus  that  generates  it.    The  galvanic  current  may  be  either  continuous  or  intcrraptcd. 

Intr^-holah.     Between  the  pole*  {p.  ua). 

lOMS.     The  constituents  into  which  the  electrolyte  is  decomposed  (p.  sj). 

Irkitabii-ITY.    That  property  of  orjanijied  subst:inccs  that  causes  them  to  respond  to  stimuli. 

iKKiTAniLtTY,  ELi!CTHO-Mi;sct;LAJt.  The  property  of  muscular  fibre  that  causes  it  to  be  excited  to 
movement  by  the  electric  current.  Electro-muscular  irritability  may  exist  without  electro-muscuUt 
contractility  ;  that  is,  the  nniscles  may  ijuivcr  or  he  spnstnodically  excited  by  even  a  mild  current, 
even  when  they  fail  to  contract  under  .a  very  powerful  current. 

Ikritauiuty,  Prim  Any,  SBcnNOAVV,  and  I'lUtriAKY.  Degrees  of  irritabOtty  thai  are  obsenred  during 
a  fr^jnre  of  galvanltation  (p.  14S). 

Labile  Cuhrknt  (or  .-application).     An  application  in  which  one  or  both  of  the  electrode*  is  moved  cr  I 
glided  over  the  surface. 

Lkypkn  Jar.    A  glass  botde  partially  coated  with  tinfoil,  for  coodensinff  ttatical  eleccricity. 

Local  EutcniiZATtor*.    ApplicAtion  of  electricity  to  some  part  or  organ,  as  disiingutsticd  fnMa  j 

eral  etectnxalion,  in  wltich  the  apf^catiun  i»  made  all  over  the  body.  Local  i*  practically  tynony 
nous  with  tocatUed  electrization,  althoug-h,  strictly  speaking.  localixeJ  implies  thtit  the  diract 
action  of  the  current  is  confined  to  the  part  lu  which  the  application  is  made,  while  locjil  does  not 
suggest  any  such  meaning.  According  to  this  distinction,  elecirifauon  may  be  local  witbovt 
being  occessarily  locilixed.  For  the  sake  of  uniformity,  the  Icrm  localiied  has  been  geocraJly  ad- 
hered to  throughout  this  work,  to  distinguish  ail  local  applications  of  electricity  (see  Localiaed 
Electrization). 

LoCAUZicfi  EiJfCTRizATiON  (p.  367)  (scc  Iak:«1  Electrization). 

Maciiink  (Klcctrtc  or  Electrical).  Any  mechanical  tMtitrivance  that  generates  any  form  of  dectricity; 
also  railed  electric  n^/ttratut,  knit  strictly  is  mure  compktcx  than  apparatus,  llius,  (oi  e»4inpte, 
we  have  llott/'s  machine  for  statical  electricity  ;  ICidder's  machine  for  the  galvanic  and  Ciradic 
currents,  etc. 

Macnrtism.    The  power  which  certain  bodies  pouess  of  attmcting  iron. 

Magnktizatio.s.     The  act  of  magnetizing. 

MACNSTO-ELHCTiiiciTY.     The  current  induced  by  a  magnet,  as  in  the  magneto-electric  or  rotary  appat^  I 
■us.     Il  is  one  form  of  the  faradic  current,  of  which  ihc  clectro-mngnctic  is  the  other  (p.  6S). 

MACNBTOMKTrR.     An  instrument  for  measuring  magnetic  decJinauon. 

M AONKTS.     Substancrs  that  have  the  property*  of  aiiraciing  u^tn. 

Molrcules.     The  minute  particles  of  which  bodies  are  composed  (pp.  25—35). 

MoTYia  Points.     Points  on  the  body  where  the  nerves  and  muscles  must  readily  respond  loeleciiii^  \ 
tion  :  more  specific  than  electric  points,  which  is  a  general  term,  and  includes  alt  fornis  of  reactioa  U 
the  electric  current. 

MuLTirLiRR.  An  inMrument  for  multiplying  or  increasing  a  force— as  heal  or  electricity*  The  term  is 
applied  both  to  ihcptlv/tHfrnettr  and  thtrm^mulli^itr {^.  74). 

Negative  Mouicication  (p.  114). 

Kecativk  Pole.  \Vhere  the  ctirrent  passes  out :  called  also  s»Nr->«/<r  or  ra/4<M/r.  The  current  k  Idl 
stronger  at  the  negative  than  at  the  positive  pole. 

Kegativr  Variation  (p.  114). 

NPRVE-MuSCt-B  CURHJINT  (p.  377)- 

OCKNINC  Cuktractio.ss,     Contractions  produced  at  ilie  opening  of  the  circusL 
OfONK  [p.  6Bs}. 
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Pakamacnktism.    That  propei'ty  of  bodies  by  wludi  they  manifest  magnetic  phenomena  opposite  and 

cotresponding  to  iron  (p.  8  ). 
Pkripurkal  Electrization.    Electriiation  of  the  periphery. 
PsRiPOLAS  Arrangement  (p.  11a). 

PiLB-UKB  ARRANCEUENT  (p.  53). 

Platinum  (or  Platina)  (from  Spanish  platina,  silver).    A  metal  used  in  electrical  researches. 
Plexus-Nerve  Current  (p.  183). 
Polar.    Relating  to  the  poles. 

PoLARi  rv  OF  Electricity.    That  property  of  electridty  by  which  pecubar  phenomena  of  the  positive  and 
negative  are  exhibited  at  certain  points  (p.  33).    Polarity  of  a  nerve  is  that  condition  of  a  nerve  by 
which  one  part  is  exhibiting  a  positively  and  the  odier  a  negatively  dectric  state. 
PoLARiz  ABLE.     Suscept  ible  of  polarizadon. 

Polarization.    The  act  of  giving  polarity  to  a  body  in  batteries  (p.  36). 

Polar  Method.  The  method  of  application  by  which  die  distinctive  and  differential  action  of  each  pole  is 
obtained,  by  placing  one  pole  over  the  part  to  be  afiected  and  the  other  in  some  indifferent  point ; 
called  also  unipolar. 
Polarize.    To  communicate  polarity  to. 
Polarizing.    Giving  polarity  to. 

Polarizing  Current.    The  current  that  produces  the  electrotonic  condition. 

Polks.     Points  where  magnetism  is  concentrated,  or  where  the  electric  current  passes  in  or  Out    Th« 
terms  potitive  and  negative  are  relative,  not  absolute,  since  their  position  varies  with  the  rslativ* 
position  of  the  electrodes. 
Positive  Modification  (p.  114). 

Positive  Pole.     Where  the  current  enters,  called  also  copper  pol*  or  anodt  (p.  53), 
Primary  Current  or  Inducing  Current.    The  current  that  passes  through  the  inner  cnil  of  wire  in  A 
helix,  and  that  induces  a  current  on  the  coil  that  surrounds  it  (p.  6a).     Used  emtnetniHly  as  synony- 
mous with  galvanic  or  constant  current 
Pkotractrd  Applications.*    Applications  that  are  made  for  a  very  long  time.    AppUcail«ms  of  g«l> 

vanic  belts,  dislcs  and  poultices  are  protracted. 
Quauty  of  a  Current,  as  distinguished  from  quantity  and  intensity,  refers  to  its  smoothness  or  harsh* 

ness,  or  to  the  rapidity  or  slowness  of  interruption. 
Quantity  (p.  84). 
Electric  Reaction.    The  phenomena  developed  by  any  part  of  the  body  under  the   lnAuem<«  of 

electricity. 
Reaction  (Galvanic).   (See  Electric  Reaction.) 
Rbophore.     An  Electrode. 
Resistance.    The  opposite  of  conductivity.  That  property  of  bodies  that  makes  ihem  rostst  or  oppoM 

the  passage  of  the  current  (p.  83). 
Reverse  Current    (see  Ascending  Current). 

Rhbocor d.    An  instrument  for  controlling  the  fluctuations  of  iho  current. 
Rheiimotor    (see  Electromotoi}. 

Rheotome  (p^»  t«>i'((I',  to  cut).    A  current  breaker  (p.  64), 
Rheostate  (p.  48). 
Rotary  Machine.    Magneto-electric  machines,  in  whifh  lh«  Indtired  vl«<<irli'lly  is  guiieraiod  by  turn* 

ing  a  crank. 
Secondary  Current.    Thefaradic  current,  called  aUn  the  inttrtHpttA  i>nlt>**A  imfmtht  *lfftr*- 

magnetK,  faradie,  etc. 
Sensibility,  Electro-Muscular,    The  peculiar  suU)*.-ilya  sviiaitiiiiii  whirh  \%  *>Kperienr*il  by  the  con- 
traction of  a  muscle  under  the  electric  iMirrpiil. 
Shock.    A  sudden  single  discliarge  of  eleciritiiy,  su<  li  at  Is  glwn  (Voin  a  Leyilrn  Jiir,  or  apparatus  for 

sutical  electricity. 
Spark,  Elfxtric.    The  spark  that  attends  the  diu  hsrga  of  •iMMrtiliy  un  the  passage  of  the  current 

from  one  conductor  to  another. 
Spinal-Cord  Current 
Spinal-Cord  Mi.sclk  Currrnt 
SfiNAL-CoRD  Nekvk  Curkknt    [  P-  3»7-J*1' 
Spinal-Cord  Plexus  Cukrknt 
Spinal-Ojro  Root  Curkknt 
Stable  Current  (or  appliiuiion).     An  applb-Mlim  in  wliiih  both  electrodes  are  kept  b  a  luted 

SO 
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Statical  Elrctiucitv.     Electricity  in  rttt,  gfcnerated  by  friction,  pressure,  or  de^vi^gc  (p,  15J, 

Stksmctm  or  th<  Cuskkkt  (p.  84). 

SwwjJMG  CURUMT  (9«  locTcaiing  CuiTcnt). 

Tension  (p.  80). 

Tktakization,    The  production  ofn.  tetanic  state  In  a  nem  by  pusinc  a  galvwiic  current  thronch  it,  j 

THeftMu-EuKCTKiaTY.    Th«  electricity  that  it  generated  by  heatic^  two  keterogeneoiu  oonductort  1 

their  point  of  junction  (p.  ji). 
To-ANi>-Fito  Ci'miK?fT(»ee  Famdic  Currait). 

Untpoiui  Curbhnt.*    a  current  that  is  kept  at  the  same  ttrength  dtirin^  the  application. 
Ukipolar  Mbthod  of  A  noJCAnoN.    One  pole  on  the  part  that  it  to  be  aifected,  and  the  otbcr  oa  1 

indifTcrent  point :  called  alto  polar  method. 
UNlNiiEKXcrniD.     Unbroken,  oantinuou*  (tec  Contisuoui).    Applied  only   Is  tb«  galvrndc  ( 

■incc  the  Guadic  is  always  interrupted  by  the  Daachine  that  generates  it. 
UKrr  (p.  77). 

UNi>QtARt£ABLC    Not  losceptible  of  being  polaiiaed. 
VoLTA-Ei^CTRic  luiwcTioN  (ice  InductMn}. 

Voltaic  Altrrm atives.    Changes  in  the  directioa  ofthe  galvanic  current. 
Voltaic  Pius  or  Battrv  (Volta).    AtaiesDrdemetusfoananKedthattheinicol'ooeetanentisoM^ 

Dccted  with  the  copper  of  the  other  fp.  36). 
Voltaic CLf«R«NT  (Voltt)  (see  Galvanic  Current). 
VOLTAiSM  (ice  Galvanism).    Although  the  honor  of  giving  the  name  to  electricity  generated  by  c 

BciioD  is  really  deserved  both  by  Volta  and  Galvani,  and  bus,  lo  aoectaio  eztoil,  been  aocoRieil  a 

both,  yet  the  term  galsanism  with  its  derivatives  has  practically  secured  u  uoendaitcy  idiidi  itti 

probably  retain. 
VoLTAMKTER.    An  apparatus  fof  testing  the  strength  of  the  current  by  measuring  tba  quantity  of  | 

given  off  in  a  given  time  during  the  decomposiuon  of  water  (p.  46). 
lyorAing  m/  t/u  Biut.*    Electrolysis  of  the  Base  of  tumofs. 
ZtHCFOLB  (see  Negative  Pole):  called  also  asAI^^. 
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Abbreviations  m  Electro-therapeudct,  396. 

Acute  diseaMS,  688. 

Adenitis.  739. 

Addison's  disease,  674. 

Adjustable  electrode,  3^7, 

After-efiects  of  electrical  treatment,  994. 

Acne,  567. 

•  Rosacea,  568. 

AldinFs  researches  in  Animal  Electricity,  103. 

Alopecia,  573. 

Alcoholism,  chronic,  469. 

Amalgamation  of  zinc,  31. 

Amaurosis  644. 

Amblyopia,  644. 

Amenorrhoea,  ^87. 

Prognosis  in,  593. 

Cases  of,  59a. 
Ampere's  theory  of  Maj^etism,  59. 
Anaesthesia,  493. 

Tactile  sensibility  in,  493. 

Farado  sensibility  in,  493. 

Electro-diagnosis,  493. 

Prognosis,  494. 

Treatment,  493. 

Cases  of,  494. 
Anaesthesia,  cutaneous,  s6j. 
Anaesthesia,  electro,  123. 
Anaesthesia,  hysterical,  495. 
Anatomy,  electro-physiological,  165. 
Anatomy,  electro-therapeutical,  319. 
Anelectrotonos,  113. 
Anelectrotonos,  theory  of,  15. 
Angiomata,  734. 
Aneurism,  754. 
Aneurism,  sutistics  of,  treated  by  electricity,  755. 

Cases  of,  756. 
Angina  pectoris,  668, 
Am,  prolapsus,  6a8. 
Animal  Electricity,  loi. 

History  of  its  discovery,  xoa. 

AldinPs  researches,  103. 

Humboldt's  researches,  loa. 

Du  Bois-Reymond's  researchet,  103. 

Nobili's  researches,  103. 

Matteucci's  rese.irches,  103. 

Apparatus  for  studying,  106. 
Animal  magnetism,  309. 
Anosmia,  683. 

Cases  of,  684. 
Apparatus  for  electro-therapeutica,  397. 
Antozone,  688.  . 
Aphonia,  629. 

Prognosis,  633, 

Treatment  o^  631. 

Cases  o{,  634. 
Applications  of  electricity,  care  in  detalli,  tj6. 

Time  of  day  for,  378. 

Time  of,  269. 

Frequency  of,  381. 

Prolonged,  281. 

Combination  of  methodi,  aSt. 
Annaturcs,  magnetic^  6. 


Artificial  magnets,  3. 

Arthritis  nodosa,  546. 

Artificial  respiration,  664. 

Ascites,  60a. 

Aspermarism,  631. 

Asphyxia.  664. 

Asthenopia,  643. 

Asthma.  554. 

Astraphobia,  456. 

Ataxia,  locomotor,  537. 

Atrophy,  progressive  muscular,  536, 

Cases  of,  537. 
Auditory  nerve,  galvanization  of,  1431 

Reaction  of,  650. 

Normal  formula  of,  143. 

Changes  of  reaction  in,  650. 

Hypcraesthesia  of,  650. 

Anaesthesia  of,  651. 
Baths,  electric,  431. 
Baths,  electro-chemical,  774. 
Batteries,  galvanic,  38. 

Wollaston's,  44. 

Daniell's,  38. 

Grove's  39. 

Bunsen's,  40. 

ITtermo-electric,  75. 

Farmer's  thermo-«lecttic,  j6. 

Cabinet,  345. 

European,  36a. 

Becker-Muirhead,  364. 

Marine,  45. 

Callan's  iron-nnc,  44. 

Gas  37. 

Polarization  in,  36. 

Double-cell  consunt,  38. 

Bunsen's  bichromate,  41. 

Walker's  single-cell,  41. 

Smee's,  43. 

Lechanch6's,  43. 

Water,  45. 
Bed  sores,  704. 
Belts  and  chains,  490. 

Pulvermachei's,  490. 

Galvanic,  490. 
Benign  tumors,  724. 
Bioscopy,  electro,  317, 
Bladder,  diseases  oC  634. 

Paralysis  of,  6a6. 

Dissolution  of  calculi  in,  77X. 
Blepharospasm,  644. 
Branch  currents,  35. 
Bright's  disease,  683. 
Boils,  767. 
Brass  ball,  356. 

Brain,  action  of  electridty  on,  134. 
Brenner's  apparatus,  352. 
Burners  for  galvano-cautery,  7161 
Buboes,  6*7. 
Bunsen's  battery,  40. 
Bums,  767, 

Byrne's  galvano-cautery  apparatus,  jia. 
Calculi  in  bladder,  dissdutiun  o^  771* 
Callan's  inm-nnc  battery.  1x4. 


^^m                         ^^^r                              ^^^^^^^^1 

^^^^B                    Cani-er  tnntrd  by  etectndtr.  740. 

OoCuDdbDa*  sOw                           ^^^^^^^^^^^^^^^B 

^^^^H                     C-                     nf  paiia  of  by  gaivaoizatkm.  75a. 

Definiima  of  Oaetnatf,  a.         ^^^^^^^^^H 

^^^H 

Derived  caiTTS«t^  33.                                       ^^^^^| 

^^^H 

Demity,  tS.                                                      ^^^H 

^^^H 

DwmajpMdmi,  K.                                            ^^^H 

^^H 

Diabctca,  679^                                                   ^^^H 

^^^^^L                                                     tS^vry  4£  tij. 

DtmiMca.  din««c  SS»                                 ^^^H 

^^^^^^^^H 

X>ige«tKm.  <]rtea*c*a^iW«(i;tt«aC  S9!S>  ^^^^| 

^^^^^^^B 

^^^^^H 

^^^^^^^^^^                                                    <lv.ii>iz3«inn,  4*9. 

i>;p-                    .                         "^^H 

^^H 

^^^^^^^^                                      •iiiiciit  of  skin  ditcasci,  563. 

r.'o»t     1  c(«ir»-iiY,  ITT. 

^^^^^B 

^^^^H                                      44V). 

Drci<.hcr'»  p(Hwii>4in<lic  otxrhir,  390^ 

^^^^^H                                                    I'evcr, 

I>uBai*-KcrinQ(id*a   imjjUici   ia  aaimal  d| 

^^^^^L                                              !  Kirn,  njKUictUtioa  of,  ^66, 

^^^^^^ 

iricity,  103. 

^^^^^^^H 

Duchennc  mm)  Rcxnalc,  335. 

^^^^^^H                                   '^j. 

nuchenne's  apparai.js.  363. 

^^^^^^^^^^K 

Dynamical  electricity,  temunoia^  «(  jx. 

^^^^^^^^^B                       l^iryiiyiiiTiu.'i  fttritiului,  6oj. 

py<>pcpsijw  577. 

^^^^^^^^^B                         Maniiaiiik  ^n,\  debility,  603. 

DysmeDorrtKEa,  587. 

^^^^^^^^^                                           if  uriiie,  603. 

DysplMgia,  fmm  »pasiB«  of  ihe  phvyiu,  535. 

^^^^m 

Dy^phciiuA,  ca»e»  «.>r,  635. 

^^H                                                           M-s<(o3. 

Ear,  di<«a«c«  uf.  ttB. 

^^^^^H                      Cholera  > >>          ^^j. 

{,, ■>.•-". 1    -r,,..lT,,1    n»'  >l>.,-m'ri.;.vn    ^f     l?^^^ 

^^^^^m                     Chorea, 

^^H 

^^^^^1                                   £leclr(t-iii.tfno*ii,  4;4( 

.  ^^H 

^^^^H                                I'riM  intent  »f.  60 j. 

M^ ,-,--..->  .......,v.^^H 

^^^^^1                                      I'royiioai*,  <«4. 

Mi^JdJc,  sutucutc  mtJBmmafwfn  o^  ^SS*      ^| 

^^^^^B                                   Cm»c>  wf,  004. 

Eczema,  jbj.                                                                    B 

Lffrarti  oreiectrical  trealaimt,  bow  to  judge  of  (faM 

363.                                                                        m 

OfdKaliied  electtbaikin.  379.                        ■ 

^^^^H                       ChrnntAtcd   Icitd  ai  :in  electro-negative  element. 

Of  f-ti   r  ,1  f  i^.idijaiina,  400.                           M 

^^^^^^B                       Cinlct,  jfalvnnic,  jf>. 

Elcctrioil  '                     -tnrnts,  ai.                           H 

^^^^^B                      CirrlMsi«  of  the  liv-cr,  689. 

'Ir-                         -iFccu  0^  •94,                     H 

^^^^^H                       CluLr-root, 

Elcctririi;.                  .  14.                                  ^^^B 

^^^^^H                       Coil,  pnirm/y,  65. 

SULb.Jll,  14.                                              .^^^^^B 

^^^^^B                       Cnilv  iniJui  tuiii,  6$. 

D<«lribult€in  of,  17.                                ^^^^H 

^^^^B                                 Ki)litiikoi(r*,  M. 

Magneto.  68.                                         ^^^^| 

^^^^H                     Comhiction,  ilic  oiiiver^e  of  resistance,  Ba. 

'ih»:rmi),  71.                                                        ^B 

^^^^H^                     Cuitdciitcr  of  Riihmkurirs  coil,  67. 

Animal,  Keymond't  theory  of,  X03.            ^H 

^^^^^^^^^             CootiCtMon,  iirjiii.il,  463, 
^^^^^^^K                       Case 

Sutttil  u>e  of,  436.                                ^^^H 

Animal,                                                  ^^^H 

^^^^^^^H            Coii»IJpcilioti,                   579. 

Iiidiicei^,  S9.                                             ^^^^H 

A  mnde  of  motion,  3).                          ^^^^| 

^ 

i'rankltnic,  14,                                          ^^^^| 

^^^^B                       li 

Pnbn'tv                                                         ^^H 

^^^^H                    Cnni.ir                          tction,  ilieory  of,  40. 

^^^^H                                                      :iiiMrumr,  160. 

C; into  heat.  34.                  ^^^1 

N-^                        nt ion  of,  a.                |^^^H 

^^H                    t 

I                           I',  I04'                              ^^^H 

^^^^^B 

Atti.'ii  i.'t  i..|  Oir  *lin.  J '7- 

^^^^H                     0>nvalefceiice,  698, 

On  (he  l<raui  ut^d  spinal  ami,  04 

^^^^^^1                       Ctitigh,  ncrvuuk,  626. 

^^^^H                     C<>ii([Kine  produocil  liy  clectming  tbe  pacumogai- 

On  llic  sympathetic  and  poCMJOO^ 

trie  laK 

^^^^m 

On  the  nerves  of  specul  (en«e,  t0O^ 

^^^^H                        C"n. '  ,1.  ■■|..i'itict  (.'f.  f^4$. 

On   tuobiT  and  seiiiory  uervcs,  m^ 

^^^^^H                        (                           '1  y  ikf  inaKfietifm,  4. 

Voluntary'  muscles,  153. 

^^^B 

On  iiiVL>h«tt'»fy  tmi<<lcv,  17a. 

^^^^H                     L'                    ,  thermoelectric  force  inOuenccd  by. 

Effect*  of  on  nuintion,  iBo, 

^^m            ?'' 

Mcth  )iuc-.<U  phyi'icAl,  chiinicat,  and  phjni 

^^^^H                     Jurrenl.  hrcak,  6^, 

K.gical  effects  of.  180 

^^^K 

Effccit  on  «rcrcuon  aiid  cKxeiiutt,  197. 

^^^^ 

Atrsnrptiijn,  aoo. 

^^^^B 

Reflex  c fleets  of,  aoo. 

^^^^^H^^f                                                                          74. 
^^^^^^^^                        'Ih'im  1  t-'.-iirii  ,  ..Itnir  '-motive  lorcr  of,  74. 

■Rehtl^n  !->  life.  J07. 

Fr  •                    ■ . ,  J09. 

^^^^^F                                    IndiicrrI,  proprrtiea  of,  68. 

In  ;                               I'.  »ia 

^^^^^B                       Curv.iture,  tptn.al,  770, 

C"  <                      •ituai  aclJoo  o(  asj. 

^^^^m                  Ciutin,;  loops  for  golrano-cauwry,  716. 

I,>o<.c  •■!.                                                    ^^m 

^^^^^B                         Cy«tio  Ctimork, 

CuniiilAtive  action  of,  187.                     ^^^H 

^^^^^L                         ()4llll:ll'^  battery,  38. 

It«  uw  by  (he  laity,  395.                       ^^^^M 

^^^^^^^H              beadiest,  hyittencul,  657- 

^^^^H 

^^^^^^^B                      FvUowiog  ccTcbro-niiiiwI  fcwr,  6391 

Electric  Macblaet,  18.                                  ^^^H 
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dectric  Light,  35. 

Badis,43t. 

£flccts<<  433> 

General  luliES  far  giviiig,  434. 

MoJta,368. 

Explorer  or  probe,  773. 

Disks.  490. 
Electrical  endosmosis,  191. 
Electrization,  localized,  367. 

History  of.  aaj. 

Rationale  oC  337. 

Instruments  for,  367. 

With  moistened  dectrodes,  368. 

Details  of  application  of,  371. 

Of  ptexiues,  nerves  and  muictet,  377. 

EflectsoC  379. 

In  its  relations  to  otber  »rms  of  treatment 

Direct  and  indirect,  369. 
Ekctro-anacstbesia,  123. 
Klectro-vhemical  baths  ??4> 
Electro-bioscopY,  317- 

Electro-conductivity  of  the  human  body,  x8a 
Klectro-diagnosts,  304. 
Electro-sensibility,  305. 
£lectro-inu.-.cuIar  contractility,  x6a 

SensibiJity,  160. 
Electro-dynamical  inductioo,  59. 
Electro-magnetic  helix,  6x. 

Machines,  65. 
Electro-magnetism,  59. 
Electrodes,  355. 

Metallic,  359. 

Unpoktrizable,  361. 

Moistened,  electrizatiaii  with,  ^68. 

Krass  ball,  356. 

Footplate,  19s,  303. 

Iltenne,  589. 

Intra-uterine,  589. 

Rectal.  581. 

Double  uterine,  590. 

Vaginal,  591. 

Double  vesical,  590. 

Adjustable,  357. 

Care  of,  36a. 

Polarization  of,  37. 

Universal  handle  for,  353. 

Long  sponge,  356. 

Hard  rubber  handle,  356. 

Duchenne's,  356. 

Stationary,  357. 

Spinal,  3S9- 

Current  reverser,  36a 
Electro-magnet  in  extraction  of  foreign  bodies,  774. 

Negative,  a8. 
Electro  medication,  777. 
Electro-motive  force,  78. 
Klectro-muscutar  sensibility,  308. 
Electro-physics,  1. 

Electrometer,  Thompson's  qtiadran^  n. 
Electro-pathology,  304. 
Electro-physiology,  99. 
Electro-physiognomy,  165. 
Electro-physiological  anatomy,  163. 

Positive,  28. 
Electro  surgery,  693. 

History  of,  693. 
Electro-therapeutics,  history  of,  3x4. 

Apparatus  for,  337. 

Rapid  progress  in  America,  343. 

In  advance  of  electro-physiology,  348, 

Causes  of  failure  in,  410. 
Electro-therapeutical  anatomy,  319. 
Electrolysis,  definition  of,  53, 

History  of,  53. 

Terminology  of,  33. 

Laws  of,  S4. 

Theory  oC  57. 

lu  nature  and  general  m«lliod%  699. 


Electrolysis,  Needles  for,  j«*. 

Of  living  and  dead  ti>sue.  t9». 

Of  the  base,  method  of  operatinc  V^  ;e4k 

Apparatus  (or.  701. 

Conductor  lor,  70J. 
Electrolyzing  the  base,  705. 
ElectrofMKirus.  at. 
Electrophorus  machine,  Holti^s,  19. 
Electroscope,  gold  leaf.  ti. 
Electiotonos,  dchnition  ot  tii. 

Molecular  thevn>*  o^  iix. 

Of  muscle,  115. 

In  the  living  man,  xitf. 

Practical  bearing  of  iu  laws,  1 16. 
Elephantiasis,  3^. 

Elements,  electncal  rdau«Mis  of  th«^  jtx 
Endo^mosis  clectrioal,  191. 
Erectile  tumors,  714. 
Epitheliom.\,  740. 
Epilepsy,  558. 

Cases  of.  558. 
Epileptifivm  neuralgia.  479. 

Cases  of,  4S0. 
Exhaustion,  nerv\His,  444. 
KxophthAlmic  gi^itre,  681. 
Extra  current,  tH^ 
Eye,  diseases  of.  630, 

Paralysis  of  the  muvMes  of,  640. 

Electruation  of,  t>.»^ 

Pr(^,:nosis  m  )v»ralysis  of  the  muscles  oC  4«0k 

Asthenopia.  04J. 

Ambtyitpia  and  amaurosis,  A44. 

Lid,  spasm  of,  644> 
Eyelid,  cases  of  spasme  of,  &«^. 
E>-e,  opacities  of  the  cwmeA.  645. 

Ptosis.  6^6, 

Mydriasis  and  rojvsis,  646. 

Neiirti-rctinitis,  (>4($t. 

Strabismus.  646. 

Opacities,  vitrernis  humor,  645. 

Photv'phohi,*.  645. 

Cataract,  t^^j. 
Facial  neuralgia,  479. 

Cases  of.  4&\ 
Facial  paralysit.  519. 

C'-ases  of.  530. 
Facial  si^ism,  555. 
Farad.  78. 

Faradic  current,  efftcts  ot  xt9> 
Faradic  anxstheioa.  775. 
Faradic  and  galvanic  currents,  oompamdv*  valut 

of.  397. 
Faradization,  era  of,  at3, 

lialvaiu),  303. 

Dry  or  cutanei^us,  3(8. 
Faradization,  general,  383. 

Hisn>r>*  of,  ttj. 

Apparatus  (or,  3S6. 

Effei'ts  of,  400. 

Rationale  ot,  406. 
Farado-sensibilit)-,  334. 

Degrees  of,  %n. 

As  com^Ktred  with  galvano-senstbility,  3a& 
Farmer's  thermo-electric  battery,  j6. 
Fatly  tumors,  739. 
Feigned  diseases,  316, 
Fcrrier,  researches  oC  134. 
Fevers,  688. 

Convalescence  from,  688. 
Fever,  intermittent,  674. 
Fishes,  electric,  101. 
Fistula,  764. 
Fl.xtulcnce,  585. 
Fibroids,  736. 
Force,  cle<:tro-motive,  78. 
Fothergill's  disease,  479. 
Fove-iux's  battery,  364. 
Franklinization,  426. 
FrankUnic  electricity,  action  ot,  119, 
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^^^V                  rn^].],„\r  Tm       ,(5. 

Gout,  rheumatic,  546,                              ^^^^^^^| 
Trratmeni  of,  $46^                                  ^^^^| 

^^^^m                                                 i34i 

^^^^H                      Fr'                            .  ihc  liody,  309. 

r^ravet'  disea^  <<Si.                                          ^^^^H 

^^^^K                  Yt.i                       liicthovis  oC  437. 

Grove's  b^ttcr\'                                                       ^^^^^H 

^^^^^B                                              inT,  iig. 

Gtutaton*  p                      f  electricity  on,  tfi.          V 

^^^^B             ^*^                  ^'yi  >4* 

Hall's  Lira'                           7.                                            ■ 

^^^B 

rwcn                 y«  3SU                     ^^^1 

^^^^^^B                       Ftiriiiick!>, 

Hay  tVv.r                                                                  ^^H 

^^^^H                    GailTi^,  S.-itlcry  o(,  363. 

Hicn.                                                                               ^^H 

^^^^H                  Galvanrs  resurches,  49. 

Hzmnrrl..)!.:-.  '-'j3.                                                           ^^^M 

^^^^H                  Galvaak  liAitenc*,  38. 
^^^^H                 Gatvaniccurrcnti  cttcctsof,  lai. 

Hand  a&  an  cicctiMde,  39S.                                  ^^^^| 

Head,  falvanizAiioo  of,  371.                              ^^^^| 
Headaclie,  47  j,                                                    ^^^^B 

^^^^H                 Galvanic  2nd  faradic  currenU,  oomparatire  value 

^^^H                    of.  997. 

Proj^tosis,  475.                                            ^^^M 

^^^^H                 Galvanic  beju  and  disks,  4ga 

Cases,  476.                                                   ^^^^1 

^^^^^H                             Circuits,  compound,  34. 

Heart,  golvanizalian  of,  173.                               ^^^^H 

^^^^^H                              Circuits,  bainogciietty  of,  39. 

I>l>cJKrs  nf,  667.                                         ^^^^^fl 

^^^^^H                  Galvaiiittn. 

P.ilpitation  of,  667.                                   ^^^^fl 

^^^^^1                               Kat\y  history  of,  4S. 

Casca  oi,  667.                                               ^^H 

^^^^H                             Era       »ig. 

Helix.  60.                                                               ^^H 

^^^^^U                   Gal^'anizatioi),  central,  419. 

Hemiplegia,  511.                                                ^^^H 

^^^^^^^^^                     Hillary  of. 

Cases,  jio.                                                 ^^^H 

^^^^^^^^L                   Of  the  licAd,  37t, 

Heinorrlbige,  post-portum,  Mn.                        ^^^^| 

^^^^^^^^H                   Or  the  syml^aeilctic,  377. 

Herpes  zoster,  569.                                                 ^^^H 

^^^^^^^^^r                 0^  the  (iii«umoga3inc  373. 

_  Frontalis  scu  o|>hthaIiuicus,  569.             ^^^^| 

^^^^^f^^                   Of  ihe  spine,  374. 

Hernia,  721.                                                              ^^^^B 
Hiccuiigh,  S56.                                                        ^^^H 

^^^^H                   Galvaoo-catitery,  history  oi,  71X. 

^^^^^^■^^                   Apparatus  fur,  711. 

Hip-joint,  771.                                                       ^^^H 

^^^^^^^^^^                  LJsesoC?!^. 

History  of  central  {TCI tvaniza (ton,  •38.                ^^^^| 

^^^^^^^^B                 Advaaugci  of,  719. 

History  of  elcctro-thcrapciKKS,  (14.                  ^^^^fl 

^^^^^^^^B                 Adv«nia(es  of,  over  the  acttutl  cautery,  71 1 . 

(•eitcral  laniitifAliiiii,  xij.                        ^^^^^B 

^^^^^^^^H                 Kumcn  aad  cuttinr-loopa  for,  716. 
^^^^^^^^B                 Rula«  for  the  use  m,  700, 

Hitzig,  researches  <if.  134.                                     ^^H 

HumUjIdt's  rcMduxhci  in  aiutnal  eloctticity.  l^E^I 

^^^^^^^^P                 Adapiatioa  K  various  departments,  Tax. 
^^^^^^^                   I}yrD«X 

^^^^H                 Galvano-fitradic  apparatus,  Dreschei'^  350. 
^^^^^B                               Meyer  and  liletrgei'*,  366. 

Hydatids  of  liver  treated  by  ckccrolysis,  Titk^S^M 
Hydrocele,  768.                                                    ^^^H 
Hydro-elcctrinriiin,  774^.                                     ^^^^| 

Hydrophobia,  536,                                                 ^^^^M 

^^^^^B                  Galvano-punctiirc  in  Kiatica,  487. 

HydfTiitai.  313S.                                                    ^^^H 

^^^^^B                    Galvanometer,  46,  3^9. 
^^^^H                              I'htMnsoa'i  rcltccttng,  47. 

Hypochondriasis,  441.                                              ^^^^| 

Trcauncnt,  44a.                                        ^^^^B 

^^^^H                 Gahrano-tonic  contractions,  357. 

Cases,  443.                                                 ^^^^B 
Hysteria  itnd  allied  afTcctions,  43S>                  ^^^^| 

^^^^H                 CalvaiMMCopcis,  349. 

^^^^1                C«s  Iwtterics,  37. 

Kleccrodiagiious,  43S>                             ^^^^| 

^^^^H                  Ga)vano-fJaradi«:ition,  303. 

Trcjtttnene,  43$.                                         ^^^^B 

^^^^^H                 Galvanometer,  ascitic,  47. 

Prognosts,  43$.                                       ^^^M 
Cases  of,  43d.                                               ^^^^B 

^^^^H                  Gangrrne,  76^, 

^^^^^H                    Ceocral  faraduatian,  383. 

Hysterical  paralysis,  $01.                                     ^^^^B 

^^^^^B                               Histor)-  of, 

Hysluricil  annr^thcsia,  495.                                ^^^H 

^^^^K                                Lcni;ih  of  npplimtioni.  397. 

Hysterical  deafness,  657.                                    ^^^H 

^^^^^^H^                                                 -  itic,  39^. 

Ileus,                                                                         ^^^H 

^^^^^^^H                  D' 1                        ii^uoo  to  difTerent  parts 

impotence,  618.                                                    ^^^^B 

^^^^^^^^^^V                                                   Kl     < 

Causation,  619.                                          ^^^^H 

^^^^K^^                   Api'ii.             v  li.c  neck  and  throat,  389, 

Elcctrcr-diajpiosit,  6tg.                           ^^^^M 

^^^^^^f                                Applicjliuns  to  thie  lic.xd,  jSy* 

1  rcAtment  of,  619,                                    ^^^^| 

^^^^^B                  General  gAlv^mu-farailizaiion,  39a. 

Cases  uf.  6»,                                                  ^^^^B 

^^^^H                 General  lanidiMticia,  applicadooi  to  the  upper  ea- 

Incnntiucucc  of  uriite,  4r>9,                                  ^^^^H 

^^^^^B                      tr«tuiiics.  39a. 

Induced  currcntH,  difrcrciit  orders  of,  6a          ^^^H 

^^^^1                            Apiilkauons  to  the  Umg*  and  hcnrt,  199. 
^^^^^^^^_                    Applications  to  the  liver,  spleen,  and  bow«ls. 

Properties  of,  66.                                        ^^^H 

Induction  of  a  ciinnent  On  itsell,  64.                    ^^^^M 

^^^^^^^^1                 Applications  to  the  stomach,  394. 

Induction,  sutical,  i&                                           ^^^H 

Induction  coils,  65.                                              ^^^^H 

^^^^^^^^^B                   Applications  to  the  female  Kcnilals,  394. 

Elcctro-dyiuimidI,  59.                                              ^^^^1 

^^^^^^^^B                 Applicatums  to  the  lower  catrcmittcs,  394. 

^^^^^^^H                        KflrCtf  nf,  400. 

History  of,  7n.                                           ^^^^| 

^^^^^^^^B^                   RaiioiinJe  of,  406. 

lafaatilc  pamly  sis,  Clio.                                       ^^^^| 

^^^^^P                          Persistence  ill  treatment,  39^. 

Eaaraiiiiitinti  kI  musdes,  610.                  ^^^H 

^^^^^H                  C>«ncrn]    and    loc:ill/ed    fc^radiiauon,  differential 

Early  s>-mpt'ims,  6io<                                ^^^^| 

^^^^^H                       indications  fur  the  use  of,  40$. 

Electro  diaiinosis,  611.                             ^^^H 

^^^^H                  Genera!  ihcrapeutiul  action  of  c]eciricit>',  953. 

Tre.-iltncni.                                                    ^^^^B 

^^^^^H                  Genito-urinar)'  organs,  diseases  ol^  617. 

PpignoO'is,  6(3.                                            ^^^^1 

^^^^^H                            Treatment  of,  616,  619. 

Cases.  614.                                                    ^^^H 

^^^^^H                              F.tectro-dtagoosis,  619. 

Insanity.  4^$.                                                        ^^^^| 

^^^H                   Gt«et.  (rj6. 

Cases  of,  460.                                            ^^^^B 

^^^^H                 GtusMD-Uryngeal  paralysis,  514. 

Infantum,  clH>lcr»,  609.                                       ^^^^B 

^^^^H                  (Uutiii,  spAsniof,  6j^ 

tnlcrmptioDS,  slow,  compomiive  VallM  q(  330          ^1 

^^^^H 

lDS\>mnia,  4S4-                                                               ^| 

^^^^^B                   (Wurrhica,  6*6, 

'I'rc.tlmcnt,  454.                                             ^^^M 

^^^^B                 Uoat,  ^i. 

Case  of,  454.                                              i^^^l 

^^^^B                            Case  of,  546. 

Intensity  of  maeneliiiii,  lOk                             ^^^^B 
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fntensity  vt.  quandtv,  80. 

Intn-uterine  electrode,  589. 

Intennittent  fever,  674. 

Irriution,  spinal,  449. 

Ifolarion,  673. 

Involunury  muscles,  action  of  electricity  on,  170. 

Irriutnlity,  restoration  o^  X15. 

Degrees  of,  148. 

How  Ions  retained  after  deadi,  153. 
Iris,  action  of  cTectricity  on,  xjo. 
Invagination,  581. 
Jar,  Lcyden,  sa. 
Jaundice,  580. 
Keratitis,  645. 
Kidder's  fiuradic  apparatus,  cat  oC  331. 

Galvanic  apparatus,  34a. 

For  galvano-cautery,  713. 

Rules  for  the  use  and  care  ot,  333. 
lartral  secretion,  deficient,  66s. 
Larynx,  diseases  of,  639. 
Laryngismus  stridulus,  63^. 
Larynx,  external  dectrisatioo  di,  609. 

Anaesthesia  of.  638. 

H  vperaEstbesia  td,  637. 
Lead  paUv,  499. 
LechancM's  battery,  43, 
Leucorrboea,  587. 
Leydenjar,  *9. 

History  0(33. 
Leufoderma,  57a. 
Lidicn,  567. 

Life,  relatioa  of  electricity  to,  907. 
Localizaiioo  absolute  of  efeciiiciqr,  impoMibte,  jfiu 
Light,  dectric,  34. 
Liver,  drrfaosis,  689. 
Lightning,  fear  tA,  *s6. 

lacalirrd  bradizatioa,  hiatary  o(  3x3. 

Calvaniratinn,  history  at,  395, 

Efectriraiina.  3^7. 

Instruments  fcir,  369 

DetaiU  of  apfJjcatioM  of^  371. 

E  Beets  of,  37^ 
LwaSrrd  aod  gtiimi  feradbatiaa^  itiifiirtiil  i« 

dicatioos  Cor  tbe  ase  c^  4C9. 
LooooMter  ataxy,  frj. 

Eieaio-dMi^ntm,  SA 

Ttvatmrmt,  53a. 

Prognotis,  yu. 

Cases  <<  510. 
Lmgs,  dJKasc*Q<  $7X 
Mirinmr,  dtaric,  H/t^t.  <> 

MagfW,  MWmiMtt,  ^ 
S)kape«(«. 
Pefanty'^C  V 

ladaaacm.S' 


C«fc-icrvA«ry<v 
Of  Matter. 
Ol9raK«s«a^ 

Eeesrt,  9V 

k  acaifanOMv  )«4, 

p«Tw»- «<WM  i<  V 


Menorrhagia,  587. 

Midwiferj',  6(5 1. 

Migraine,  ^78. 

Milk,  defiaent  secretion  of,  669. 

Treated  by  electricity,  663. 
Miscellaneous  medical  diseases,  679. 

Sequelz  of  sunstroke   sod   mil  hi  11  ■xii—l 
fevers,  67a. 

Intermittent  fever,  6^4. 

Addison's  disease,  ^5. 

Suppression  of  unne,  67lb 

Diabetes,  679. 

Exophthalmic  goitre,  68  z. 

Dropsical  effusions,  66a. 

Bright's  disease,  68a. 

Catarrh,  683. 

Anosmia.  683. 

Odontalgia,  685. 

Hay  fever.  688. 

Obesity^  689. 

Cirrho»is,  689. 
Morbus  coxarius,  771. 
Motor  poinu  of  muscles,  319. 

Nerves,  action  of  ciectficity  01^  t  j^ 
Mother's  marks,  734. 
Moxa.  electric  368. 
Multiplier,  thcrmo,  74. 
Multiple  element  hutepr,  BynM^i,  719. 
Muscle,  electrvXA/w^*  ia,  11 ). 
Muscular  atn^ihy,  prr/gresMve,  %j^ 
MusciiUr  CMitra^ci'Xis,  }j). 
MiucuUr  rheumaUMA,  544. 

TTcutm^»t,  S44. 

Ca»«s  'A,  545. 
Myalp^i,  544. 

Mydna*is  and  mynM*,  644. 
My'j*i*  and  mydftau*,  t^, 
Mymrier'/f*'.  pa/niysm,  fffffffrntht,  ««, 
Nature  'A  tAKe.ut/My,  a. 
Natvi  treated  i/y  rU>.U'Ay*U,  794 
N«rJ(,  ;ifK^^uim%  Ui,  )«'/, 
Needles  i/f  Kiiu.U'Ayua.  j*/», 

M>rt  V/'t  r4  H,u'fiut.mn  int  ^JrtAf^U,  ♦* 
K*%M>-»i  txtAJtfjiitnn,  $  14, 

VuuUftii  tA  Out  M.**/^L«r  KtHtmdf  114, 
I  K«r*««,  4i»  uusittm  -A,  tjj, 
9<«rv4  <»,/jMM  '.mti*>t,  fjp 
XtrrfM*  ttHnt'tu^m,  444, 

f'^'A,  .»**d  »A,  W^, 

%mmtnif*ii*ftA,  444 

Sf*    ««n«WM4,  444, 
'l**»**"4,  44  V 
I'/'^g*^.**,  44V 
'  '-^.  44^ 

r  ..4»4i/«VA,  4/^ 
J'/  ^/.'r»f,  4/# 

f  /^.m^.t' ^f*"f  ,  f/t, 
f  A*r>f*-  .   4/', 

»•.''..    ♦/•/ 

l;^...,     »■,'.,«,  44J(, 

•/      /« 

•  >      ■■"  '    '-", 

..  -     ^  ..     .  -.   . -**  *»,  «i^ 
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^^B     792                                                 ^^^^^^^^M 

^^^^^^^^     Nipplr  ShictJ.  nlvanic.  663. 
^^^^^^^H     T                       '  rcho  in  animiU  dectricity,  103. 

Polarity  of  Magnet*,  j.                             ^^^^^^^H 
Of  Klcctriciiy,  33.                                       ^^^^1 

^^^^^^^^H                          :'.t.-cu  of  clectncity  OD,  180. 

Polarization  of  clcctrodcv  37,                                 ^^^^| 

^^^^^^^l   <'''.. 

Pust-parium  hemorrhage,  66a.                                 ^^^^B 

^^^^^^K  oju>.uitit-i.'6es. 

Pulypi,                                                                           ^^^B 

^^^^^H  <K.1c[iia, 

Positive  modincation,  114,                                        ^^^^H 

^^^^^^^V  O'sophapis,  stricture  of,  763. 

PottS  iVlitAitL,   JJO.                                                                         ^^^^H 

^           Ohman,  77. 

Primary  coiU  object  of  the  iron  core  in.  65.                    fl 

Primojy  and  Moondary  coils,  diSerential  action  o^       I 

^^^^^1              Opium  poiaoninj^t  pimlysis  from,  yo, 

^^^^H             Ophthalmosiopic  cxamin.-iuon  of  the  retiiui  in  gai- 

^^^^^M                  vanlzalion  oi  sympathetic,  136. 

•sf--                                             M 

Prubc,  electric  673.                                                 ^^^H 

Pityriasis,  569.                                                             ^^^^| 

^^^^H             Optic  nerve,  action  of  the  galvanic  current  on,  i#o. 

Prugreisivc  muscular  atrophy,  536.                     ^^^H 

^^^^^1             Orchitis.  637. 

Svmp turns  and  diagnosis,  447.                   ^^^^| 

^^^^H                         Case  uf, 

Llcclru-diagilusia,  536.                                     ^^^H 

^^^^H             Ovaries,  irritation  and  coQ|rcstioa  of,  6ot. 

1  rcatmcnt,  S36.                                               ^^^^| 

^^^^^H              0^:ariall  tumors,  739. 

Ca'seof,  547.                                                     ^^^H 
Muscular  hypertrophy,  540*                      ^^^H 
Myo-sclerosic  paralysis,  J40.                       ^^^^H 

^^^H             Ozone,  685. 

^^^^H                        Physiological  and  therapeubcal  efEects  of, 

^^^H 

Prolapsus  uteri,  600.                                                 ^^^^H 

^^^^B             Oxonintion,  qnlvano,  76$. 

^^^H 

^^^^^H               Oxygen,  ozonized,  685. 

Prostate,  enlarg«mento{^  617.                                ^^^^H 

^^^^H             Oumucti  o.tyeei),  683. 
^^^^^H                          General  properties  of.  686. 

Prurigo.  566.                                                            ^^^^| 

Psoriasis,  568.                                                             ^^^^H 

^^^^^L^^    Paralysis 

Pscudo-hypertniphic  pafalysis,  540.                    ^^^^^ 

^^^^^^^^^^             Acccft.-<oncs  to  clectricral  treatment  of,  508. 

arthrosis  77o.                                               ^^^^^ 

^^^^^^^^^h             Time  of  bcgiiininf;  ireatmcut  in,  506. 

PtoMs  646.                                                               ^^^^1 

^^^^^^^^^^H              Cla&fti/icauoii,  498. 

Quantity  af  the  electric  current,  84,                      V^^^H 

^^^^^^^^B             Khcuinatic,  49a. 

AliMilnie  and  actual,  S6.                           .  .^^^B 

^^^^^^^^B              Lead.  499. 

^^^^^^^^B               Syphilitic.  4^. 

toS.                                                                                         I 

^^^^^^^^^M               Frum  opium  ptiisaninf,  500. 

Rectum,  sarrmts  o(  748.                                                      B 
Resiiiraiive   eSTcct  ot    clectrinlioa    on    votuotary      B 

^^^^^^^^1 

^^^^^^^^B                            50J. 

rniiMlc<    is8.                                                                                 J 

^^^^^^^^B              Olot^  ph.iryngeat,  514. 

T     -    '            T  •uchcnne,  a?5.                                    ^^^^| 

^^^^^^^^^H              Spinal  kclcrusic,  yty. 

j{ clcctiicity,  iioo.                           ^^^^H 

^^^^^^^^^B 

inic  apparatus,  ^5.                         ^^^^| 

^^^^^^^^^B               Peripheral,  J19. 

^^^^^1 

^^^^^^^^^1                            5>9. 

Kuccu  of  icBipcnUire  on,  B}.                   ^^^H 

^^^^^^^^B                       prc!>»ure,  S93> 

Rectum,  di»ca<«s  of,  6x8.                                         ^^^^M 

^^^^^^H 

Reflex  neuralgia,  4S9.                                             ^^^^H 

^^^^^^^H              Calorific.  515. 

Pamlysiit,  535.                                                 ^^^^H 

^^^^^^^H              Progrotxive  myo-tcloiMic,  540. 

Reguririution,  $64.                                                 ^^^^| 
V.......      /  "--^-bom  chfldr^n,  666.          ^^^ 

^^^^^^^B                AfitAQi, 

^^^^V            P-tin  ol  cancer,  relief  of,  by  galvaniattioa. 

r                           1.664-                                     1 

^^^H 

i                                   'pic  examinations  ol^  during     1 

^^^^H            PtUy,  ihaVing,  553. 

t, -  •■■             jinpachetic,  »j6.                              ^ 

Kr.c'j.-rat  of  .Mayer  and  Wolfl^  3}}.                                   H 

^^^^^^1               Pa.r<^n>AgnelJsm,  fl. 

^^^^^L            ParaplcKii-i,  516. 

Hydro,  353.                                                             B 

^^^^^^^^^                 Differential  dwi^nosis,  sifi. 

Rlicui-rac,  (<t.                                                          ^^^1 

^^^^^^^^^L              Klcctro-iiiasi"3»iS  5i6> 

Rheumatic  paralysis,  543,                                      ^^^^| 

^^^^^^^^^P               Treatment, 

Guut.                                                              ^^^H 

^^^^^^^^B^              Pri>Kno!ii»,  517. 

Treatment,  546,                                            ^^^^M 

^^^^^F                           Ca>r« 

Rheufnatt»nu  $4>-                                                   ^^^^| 

^^^^H             Paresis  of  muKlo  of  eye,  640. 

Rheosut,  48,  35s.                                                   ^^^H 

^^^^H                          Of  hiaddcr,  ^. 

Khtniuss  683.                                                          ^^^^1 

^^^^H             Partial  ciirrcnta,  35. 

Ringworm.                                                               ^^^^| 

^^^^^B              Pathology,  electro,  304. 

Rouiti'jn,  magnetism  0^  70.                                    ^^^^H 

^^^^H             Pathophohia.  441. 

k..-.  ..':..•<  ne,  563.                                                          ^^^H 

^^^^H              Pe^sarici  intra-ulerine,  galvanic,  601. 

^^H 

^^^^H              Petit  iiiaL,  558. 

.  fur  conducting  wires,  361.            ^^^H 

^^^^H               Pectons,  angina.  668. 
^^^^H              Pflurger'stawofcontfactina,  itS. 

487.                                         ^^H 

SLiniius,  740.                                                                           ^^^^^M 

^^^^H              Phot.ipliuliui,  64s. 

^^cle^>sis.  spinal.  $77.                                             ^^^^| 

^^^^H              Physical  eiiect^ufmagnetintion,  9- 

Sea-sickness.  585.                „       ._                       -^^^^1 

^^^^^B              Phykical    and    ritol   Ion:cs  theory  ol  correlalion. 

^^H 

?H 

^^^^^B              PhyMornotny.  electro,  165. 
^^^^H             PhynoP^,  electro,  99, 

Scleri>derma,  571.                                                             I^^H 

Scnsiiry  nerves  acdno  of  elecnridty  on,  153.              H 

^^^^B              Pile,  voliatc,  36. 

Seminal  enii<-«i>ins  ("7-                                                      H 

^^H                        Dry, 

Sensibility.  elc<;tnvmuM:ular,  160^  308L                            H 

^^H             Piles,  fi«8. 

.Shaking  palsy,  $53.                                                              ■ 

^^^^H             PIcxu*  nerve  airrent,  377. 

Sh.ipe  uf  iiutgnetit,  6.                                                           H 

^^^^H             Pncttmogastric,  galvanuation  0^  373. 

shortening    of    musclei    during    B     Contraciia^_^| 

^^^^^H                         Action  uf  declnciry  on,  128. 

^^1 

^^^^^B               Poles  how  to  distinguish,  343. 

Sicnicns-Meidinger  battery,  3614.                            ^^^^H 

^^^^H              PudAlgia.  778. 

^^^^H                Potcnual  nl  the  electric  current,  80. 

Single  coU  and  aeparate  cnl  Cuadic  BUcUj^^^^H 

^^H 

^^^^H              Polant)- of  the  circuit,  09. 

Sick  headache,  478.                                            ^^^^1 
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Sick  headache,  cue  cC,  478. 

Singultus,  556. 

SinuseSj  764. 

Skin,  diseases  ot,  560. 

I'reatment  of.  561. 

Eczema.  563. 

Prurigo,  566. 

Ijchen,  567. 

Anaesthesia,  567. 

Acne,  567. 

Roiiacea,  568. 

Psoriasis,  568. 

Pityriasis,  568. 

Herpes,  569. 

Ringworm,  571. 

Scleroderma,  571.  _ 

Chromatogenous  disease!,  57a. 

Leucoderma,  57a. 

Melanoderma,  572. 

Elephantiasis,  57a. 

Alopecia,  573. 
Smee*s  battery,  4a. 
Solenoids,  6ok 
Spark,  electric,  ao. 
Spasmodic  stricture,  763. 
Spasms  of  the  eyelid,  644. 

Facial,  555. 
Spasmus  glottidis,  635. 
Spasmodic  diseases,  548. 
Spermatorrhoea,  617. 
Sphincter,  paralysis  o^  6a8. 
Sphygmograph.  expenments  with,  137. 
Spinal  congestion,  diagnosis,  463. 

Case  of,  463. 

Cord,  direct  electrization  of,  lafi. 

Current,  377. 

Root  current,  377. 

Cord,  plexus  current,  378. 

Nerve  current,  378. 

Muscle  current,  377. 

Curvature,  770. 
Spinal  Irritation,  44^. 

DiflTcrcntial  diagnosis,  449. 

Pathology,  450. 

Treatment,  451. 

Prognosis,  451. 

Cases  of,  451. 

Sclerosic  paralysis,  527. 
Spine,  galvanization  uf,  374. 
Spondylitis  770. 
Sprains,  769. 
Summering,  ^57. 
Statical  electricity,  14. 

Induction,  16. 

Era  of,  ais. 

Use  of,  426. 
StJ*hrer.  apparatus  of,  363. 
StShrer's  linc-carbon  battery,  364. 
Stomach,  action  of  electricity  on,  170. 
Strabismus,  646. 
Strain,  769. 
Stricture  of  the  urethra,  759. 

Cases  of,  760, 

Of  the  cesophai^us,  763. 

Spasmodic,  76a. 
Stumps  after  amputation,  767. 
Suzgestions  in  regard  to  the  therapeutical  uses  of 

electricity,  a6a. 
Sympathetic,  action  of  electricity  on  cranial  portion 
oC  130. 

Nerve,  action  of  electricity  on,  laS. 

Galvanization  of,  37a. 

Action  ol  electricity  on  the  cephalic  thoracic 
and  abdominal  ganglia  of,  131. 
Sunstroke,  67a. 
Suppres^ion  of  urine,  678. 
Surgery,  electro,  693. 

Hbtory  of,  ^3. 
Synovitis,  767. 


Synovitis,  case  of,  767. 

Syphilis,  6a7. 

Talipes  77  «• 

Temperature  of  electrodes  and    operating-noii^ 

Tension  of  the  electric  current,  80. 
I'errestrial  magnetism,  10. 
Tetanus,  556. 
Thermo-electricity,  72. 

Multi]>licr,  74. 

Electric  batteries,  75. 
Thermo-electric    currents,   general  properties   o( 

l*homson's  quadrant  electrometer,  aa. 

Throat,   applications  to,  in  general  faradizatioii, 

Tic-douloureiix,  479 
Tinnitus  aurium,  655. 

Galvanization  of  sympathetic  in,  656. 
Tobacco,  excessive  use  of,  310. 
Tonics,  definitiuii  of,  a^4. 
Tonic  effects  of  electricity,  354. 

In  general  faradization,  403. 
Toothache,  685. 
Torticollis,  550. 

Diagnosis  of,  550. 

Electric  examination  of,  55X. 

Tre.itment  of,  551. 

Prognosis,  551. 

Cases  of,  551. 
Tremor*,  466. 

Trowbridge,  experiments  of,  107. 
Trocar,  Duchcnne's,  610. 

NoegRcrath's,  610. 
Tuberculous  diathesis,  391. 
I'ubercula  quadrigemina,  direct  electrizadon  o^ 

61, 
Tumors,  removal  of  by  galvano-cautery,  721. 

Non-malignant,  724. 

Erectile,  734. 

Malignant,  724. 

Cysuc,  731. 

l-atty,  739- 

Ovarian,  739. 
Ulcers,  764. 
Unit,  a,  77. 

Unpolarizable  electrodes,  361. 
Ununited  fracture,  770. 
Urethra,  stricttires  of,  759. 

Cases  of.  760. 

Hypenesthrsia  of,  629. 
Water  battery,  45. 
Wollaston's  Ixattcry,  44. 
Urethritis,  clmmic,  626. 
Urine,  incontinence  of,  609. 

Suppression  of,  678. 
Uterine  electrode.  589. 
Uterus,  faradization  of,  588. 

I>iscases  of,  prognosis  in,  >,»f. 

Enlargements  o{;  599. 

Prolapsus  600, 

Anteflexion  oi  600. 

Kctroflection  of,  6o». 

Retroversion  of.  600. 

Ante  version  of,  600. 

Amputation  of  neck  of,  by  galvano-caotny, 
7?a. 

Congestion  of,  599. 

Displacements  of,  599. 

Atrophy  i>t  599. 

Fibroids  of,  73S. 
Uteri  prt>lapsus.  ca«cs  of,  600. 
Vaginal  electrode.  591. 
Variations  of  the  needle,  11. 
Varicose  veins  754. 
Veins  varico*e,  754. 
Viul  and  ph}sical  forces,  theory  of  their  corrda 

tion,  aoo. 
Vitreous  humor,  opacities  o^  645. 
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